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from my perspective, anyway, even with a higher y value, model B does the better job. 


TABLE OF VALUES Q VERSUS Y = fr; / fg FOR 4° AND 100" ORDER A & B MODELS 


a (4" order) A 


1 

0.858 
0.731 
0.616 
0.511 
0.415 
0.324 
0.239 
0.157 
0.078 
0 


a (100" order) A 


1 

0.858 
0.731 
0.616 
0.512 
0.416 
0.327 
0.244 
0.165 
0.087 
0 


a (4"* order) B 


1 

0.860 
0.738 
0.629 
0.530 
0.438 
0.350 
0.264 
0.178 
0.090 
0 


a (100" order) B 


1 

0.860 
0.738 
0.630 
0.532 
0.443 
0.360 
0.282 
0.206 
0.127 
0 
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Notice in the table above that the B values are somewhat higher, and this is to be expected, given 
the construction of the a-y equation [~] for B on page 450. Out to the 100" order, however, we can 
conclude with confidence, that the B values in the table form an ultimate upper bound, and indeed, 
any lower finite series will be contained by them. Additionally, since every term in the second 
infinite series in (~), on the right-hand side, participates in the formation of the a-y equation for B, 
this is as far as we can go with an r? model. 


And finally, notice in the A model, that the a-y equation is a special case of (~) in B, in so much as 
the second infinite series in (~), on the right-hand side, terminates at n = 2. 


OTHER CONSIDERATIONS 


The true Taylor series expansion of g on page 450, where the second term in g is to first order only, 
computes to [labelling as (*)] ... 


[0.0] 
1 — (a+ 1)rs/ rg + 2 ala + 1) cn: (fs / 2rg)” + a(rs / rg?) Sa 
n= 
— ala + 1){(1/2)(ts/ re) + (1/8)(ts/ re)? + (1/16)(rs/ re)? + (5/128)(rs/ tg)* + ... } (ts / r) r? 
Note that on the second line above, the coefficients are simply the Taylor series expansion of the 
expression (1 — x)!?, beginning at the term x; that is to say ... 


1 — x/2 — x18 — x°/16 — 5x4/128 — ... 


Thus, when forming the function f as we did for model B [p 450], so that f and g agree at r = rg, it 
behooves us to emulate the second line in (*) above, so that the agreement holds. And this is 
precisely what we did ... 
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A PHILOSOPHICAL DISCUSSION OF WHETHER f AND g SHOULD AGREE AT r= rg 


In developing expressions for f that serve as expansions for g, we have imposed the requirement 
that they agree when r=rg. But why would we do this, given that we could take the true Taylor 
series expansion for fon page 452, and use it to build any a-y equation we wanted. 


From my perspective, there are several reasons. First, we want f to mimic g as closely as possible, 
so that the corresponding a-y equation is a reflection of this emulation. But secondly, we want to 
develop models that are consistent with one another, as we ‘roll back’ from the infinite order, down 
to the finite order, and finally first order. 


If we take the true Taylor series expansion above, and remove both infinite series, we arrive at a 
first order equation for f [pp 416-17], which is ... 


f@,a) = 1 — (a+ 1)rs/rg + alts / rg) r. 


Now notice here, by default, that at r = rg, both f and g agree and compute to 1 — rs / rg. It isn’t 
something we have to work for actually ... it is simply there. And so the natural question to ask is 
if it should be there, going forward, as we build out higher order expansions for f. 


And in my opinion, the answer is yes; for it is hard to ignore this agreement at first order, as 
though, perhaps, it was nothing more than chance. Indeed, the first order analysis may be giving us 
a hint or clue as to how things work, in the higher orders, as we endeavour to unlock the mysterious 
connection between a and y. And so for the time being, anyway, we’ll retain this requirement ... 


NOTE TO THE READER 
This particular release contains a number of cosmetic enhancements [pp 258-305]. A few 


annotations were also made in the previous research note [pp 450-452]. And the original essay [see 
pp 1-52] was, for the most part, moved over to the Times New Roman font. 


De KKK KK 
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ee) 
A PROOF THAT S = 2 cn: (y/2)" MAY COMPUTE TO 1 WHEN y = | 
n= 


On page 447 we surmised that S was indeed 1, when y = 1, and here we’d like to offer up a rather 
heuristic proof that this may be true. Recalling our a-y equation from page 450, and reproduced 
below [labelling as (~)] ... 


(00) ee) 
1 — (a+ 1)y + 2 ala + 1) cn: (y/2)" = a — 2 ala + 1) cn: (1/25 P 
n= n= 
we can, after collecting terms, rewrite this as [labelling as (*)] ... 
(0.0) 
2 cn (y/2)®-) = 2fa-1 + (a+1)y}/ala+ Diy + 1) 
n= 


Now on the right-hand side in (*) above, divide top and bottom by a + 1 to obtain [again, labelling 


as (*)] ... 
È on: (y/2)0" 9 = 2{-(1-a)/(1+0) + y}/a(1 +y) 


And since we know that as y ---> 1, it is the case that a ---» 0, write for small a... 
(l1—a)/(1+a) = (1-0) /(1+a@(-@) = 1 — 20. 


Now substituting this result into the previous equation (*), just above, we obtain with y ---> 1... 
o0 
Xen (1/2)"~) = 2{-1 +2a+1}/2a = 4a/2a = 2, 
n= 


and so our sum S must be 1, where again, cn = 2(2n—3)!!/n!. 
OTHER CONSIDERATIONS 


When considering (*) above, it should be noted that as y ---» 1, and hence a ---» 0, a will have some 
dependency on y, so that a = a(y). However, it is unlikely we will ever know what this dependency 
computes to. Even so, we can still write the right-hand side of (*) as 


lim 2{—1 + 2a(y) +y} /a(y)d +y) 
y-- 1 
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and in the limit, as y ---» 1, the expression above should resolve as 


lim 4a(y) / 2a(y) , 
y ---> 1 


which computes to 2. 


Now if we bring back our a-y equation from that last page, but replace the infinite expansion on the 
right side by a finite one; that is to say ... 


o0 


N 
1 — (a+ 1)y + X ala + 1) cn: (y/2)" = a — 2 ala + 1) cn: (1/27 P 


where now N is some integer greater than 1; and attempt to compute S as we did above, we could 
and probably will not get the right result, because now a has a dependency not only on y, but also 
N, as does S. 


And this will matter as we let y ---> 1, so that a ---> 0. Such a dependency on N is easily removed 
by letting N ---> œ in the summation. 


In fact, if we were to compute S from the expression just above, using the same techniques as on 
the last page, we would find that S computed to 


N 
2- È cn (1/25 
n=2 
Clearly this is not the correct result, but it becomes the right result, in the limit, as N ---> œ. For 


then 


N 


S = lim 2- È cn (1/29) = 2-S, 
n=2 
N ---> © 
so that again, S is equal to 1. 
In turn, this means that when choosing a model for the a-y equation, say model A or model B, 
discussed on pages 450-2, it would be wise to opt for B if we want consistency with the derivation 
of S (provided, of course, our methodology here makes sense). Indeed, in model A, the value of N 


is 2 in the a-y equation above, whereas in model B, N = œ. 


But finally, though, our approach is speculative, and so our comments here must be tempered by 
this very fact. 
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TABLE OF VALUES Q VERSUS HIGH Y = rs / rg FOR THE 100" ORDER B MODEL 


y a (100" order) B 
0.90 0.127 
0.91 0.118 
0.92 0.110 
0.93 0.101 
0.94 0.091 
0.95 0.082 
0.96 0.071 
0.97 0.060 
0.98 0.047 
0.99 0.030 
1 0 


The pictures below are from model [B], first outlined on pages 450-2. They show the interior time 
component g = g(r, a), also found on page 450, for high values of y in the table above. And here, 
r'g=1,and0 < r < rg. Note that all three curves are parabolic, as they should be ... 


0.10 0.050 
0.09 0.045 
0.08 0.040 
A 0.035 


go 0.030 


0.025 


—\\ 


0.010 
0.009 
0.008 
0.007 


0.006 


0.005 
Ed 


t 
0.0 0.2 0.4 0.6 0.8 1.0 
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o0 
AN INEQUALITY CONCERNING Y AND S = 2 cn: (y/2)" FOR THE B MODEL 
n= 
Let us bring back our a-y equation for the B model, which is ... 
o0 ee) 
1 — (a+ 1)y + 2 ala + 1) cn: (y/2} = a — uaa + 1) cn: (1/25 P 
n= n= 


and rewrite it as ... 
1 — (a+ 1)y + a(a+1)S = a — ala + 1)S/y. 
Note that the equation, just above, is a quadratic in a, which can be written as ... 
(y+ 1)S-a? + (y+ 1)\(S—y)-a + yd—-y) = 0. 


And since both a and y are between 0 and 1, solutions in a for this quadratic will be real-valued, so 
that the square root term in the solution must be real itself. That is to say, for the general quadratic 


Ax +Bx+C=0, 


B? — 4AC > O applies here. 


Thus, we may write 
[y+1(S-yP = 4ySd-yd+y), 
or more simply, 
(S—yy = 4ySd-y/U +), 
which is what we wanted to show. And again, this inequality applies in the range 0 < y < 1. 


And note also that when y = 0 or 1, S — y is exactly 0, so that the inequality above now becomes an 
equality. This statement presumes, of course, that when y = 1, S is equal to 1 as well. 


Th KK Kk 


From our inequality, just above, we may deduce that 


Sa QyGsy/ days 29 205 
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and the inequality above will hold true, provided S is Jess than or equal to Sroot, where Sroot is the 
proper solution of the quadratic 


-S? + 2y3-y)/d+y)):S-y =0. 


That is to say [labelling as (*)] ... 


2 l+y 
where Sroot is the right-hand side of the inequality just above. The inequality, itself, is valid for all 
O<y<l. 

Note that if y = 0, then S = 0, as is the right side of (*), and if y = 1, then S = 1, as is the right side 
of (*). And if, for example, y = 0.999, then S computes to ~ 0.93695, out to 4000 iterations, while 
the right side of (*) evaluates to 0.95530. 


A plot of Sroot versus y is shown below ... 


0.8} 


0.2 0.4 0.6 0.8 1.0 
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To demonstrate that our inequality [shown below] only holds when S is less than or equal to Sroot, 
-S? + 2y3-y/U+y):S-y < 0 
we'll offer two plots of the function below [where S is now a context dependent variable] ... 


f(S) =- + QyB-y/U+y))-S-7 


In the left picture we see what f (S) looks like when y = 1/3. Two roots appear, with one less than 
the other, which will always be the case for any O < y < 1 [if y =0 or 1 then the roots are both 0 or 
both 1]. Itis the smaller root that we are interested in, which we call Stoot, and that is because S can 
never be greater than the larger root, as we’ll now show. 


From our original inequality on page 457 and shown below, where S is our summation, 
(S=? 2 4ySd-y)/d +9) 


we see that either S > y or S < y for all O < y < 1, with equality being reached when y = 0 or 1. 
Now if for some y between 0 and 1 it was the case that S = y (because the sign of S — y had flipped 
in some neighborhood of y), the right-hand side of the inequality, just above, would be zero, which 
is not possible. A simple numerical test now shows that S < y, for all O < y < 1, is the correct 
expression. 
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The second and larger root for f (S) is shown above, and it is easy to see from this expression, that 
the root [call it Sroot_2] is always greater than or equal to y, for all 0 < y < 1 [simply discard the 
square root term, and analyze what’s left]. Thus, from our previous result, we have ... 


S < y < Stoot 2, 


which shows us that S must be bounded above by the larger root of f (S). Indeed, it is actually true 
that S < min(1, Sroot_2), since we already know S can never be greater than 1. 


So when looking at the pictures on the previous page, we are only interested in the range 
0 < S < Sroot_2 ” 


and here the parabolas split, negative up to Sroot, and then positive up to Sroot 2. Thus, f(S) < 0 can 
only hold if S < Sroot, which is what we wanted to show [p 458]. 


0.2 0.4 0.6 0.8 1.0 


In the picture above is a plot of the two roots of f(S); the larger is gold and the smaller is blue. 
Along the AB segment, f(S) < 0 holds, and along the BC segment f(S) > 0 holds. The x-axis is y. 
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Revisiting Our Form For The Field Equations of General Relativity When Ms) ~ o/s 


On pages 321-3, we came up with a form for the field equations in the coupled case, for the two 
dimensional plane, which is ... 


G"Y = o[g™ (0) + 2cosh(rcos(8))Jo(rsin(®))g"’*(cos(®))] ($) 


Here, we wish to put forth another argument that the correct parametrization for g"’” is cos(0), as 
shown above, and we’ll start with the following diagram. 


g™*(0) 


g>"(1) 


(-1, 0) (+1, 0) 


The diagram above shows the location of the dark energy singularities associated with (§), and 
these are at the origin O, and at (+1, 0). Additionally, we know that (§) is exact when 9 is equal to 
0 or x, and believe that arg [g™*] diminishes as we move away from the singularity at (+1, 0), and 
head northward to P. Indeed, we believe arg[g™*] = 0 at P. 


If we make the assumption that arg[g'’’] reaches a minimum value at P [pp 323-5], irrespective of 
where the singularity is on the x-axis, and call this minimum value 0 < 6 < 1; then it must also be 
true that if the singularities at (+1, 0) are now relocated to (+5, 0) [where 5 > 0], arg [g™"] must 
now be less than ô at P [because arg[g"’’] = 6 at (+5, 0), is exact]. That is to say, at P we have 


O < arg[g"’] < & (a contradiction, from our assumptions, unless we let 6 ---> 0) 


By letting 5 ---» 0, we see this forces arg[g'’’] = 0 at P, so that whatever the parametrization of g™Y 
is, it must be such that g™”(1) holds at (+1, 0) and g™”(0) holds at P, as in the diagram above. Other 
arguments [p 321 ff.] now suggest that cos(@) is the correct parametrization for g"’’, which becomes 
g'’’(Scos(0)), if the singularities are at (+ô, 0). And recall too, that g™“(+ ô) are equal to one 
another, because of symmetry. 
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THE SINGULARITY INVARIANCE POSTULATE [6 2 0] 


This postulate simply states that arg [g'’’] reaches a minimum value of zero at P, irrespective of 
where the dark energy singularities lie on the x-axis. In the picture above, the singularities are at 
the origin O, and at (+5, 0). In the picture below, arg[g"’’] is still zero at any other point Q on the 
y-axis, because the radius of the circle is arbitrary. 


I believe this principle will be important in terms of understanding how the gravitational tensor g™” 
interacts with dark energy, itself. 
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Finally, the field equations in two dimensions, with dark energy singularities at the origin O and at 
(+6, 0), become, for the coupled case ... 


G"Y = o[g'’’(O) + 2cosh(Srcos(@))Jo(Srsin(8))g"’’(Scos(8))] ($) 
Note that the simplest way to calculate the second dark energy component above, is by examining 
the dark energy contour integral in the uncoupled case, and reasoning that it [the component] must 


be the same, as in the coupled case. 


For in the uncoupled case, our dark energy contour integral becomes, for the physical singularity at 
(6, 0)... 


roes f e*/,/(s — iôsin(0))(s + iSsin(®)) ds ($) 
Y 


where y is the contour shown below. And when evaluated along the branch lines, and combined 
with the singularity at (—6, 0), we recover the second dark energy component in (§) above. 


isind 


-idsin9 


Also note that as 6 ---> 0, (§) reduces to 
Gy ~ 36 . g™(0) , 


and this is what we would expect, because it is the ‘equivalent’ of three dark energy singularities 
now present at O. And finally, generalizing to three dimensions would work the same way [p 323]. 
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[0.0] 
AN INEQUALITY CONCERNING Y ANDS = 2 cn: (y/2)" FOR THE B MODEL, PART II 
n= 


Some brief remarks are in order concerning the methodology used in Part I [pp 457-60]. On page 
459, we define the function 


FO =- + B-a tS- 


and offer two plots, one of which is shown above for y = 1/3. But we also know that S is defined to 
be the summation, as shown in the title to this note, so how do we reconcile this fact with the 
argument to f(S) ? After all, for a given choice of y, S will compute to a certain value. 


In my opinion, the best way to see this, within the context of f (S), is to allow S to become a fluid 
variable, which can take on any value as shown in the picture above, in a hypothetical sense. That 
is to say, we know what S really is, from the summation; but let’s pretend, hypothetically, that it 
can take on any non-negative value, along the x-axis, relative to f(S), and then form a constraint on 
what its range must actually be. 


If we then follow the arguments through to completion on pages 459-60, it should now be a little 
easier to see how the inequality we developed for S, comes about. 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part II 


Let us recall our equivalency theorem from pages 332-3, and reproduced here, where a = cos(@) 
and e = sin(@), in the coupled case ... 


(1) = g(a) - Jo(re) if and only if (2) is true (*) 


Here, the following expression is (1), 


xf {cos(yD[g™ (a + iy) — g'’’(a—iy)] + isin(yr) [g> (a +iy) + g™“(a—iy)]} dy /yy? - £? 
€ 


and the expression below is (2), where the dark energy singularities are at O and at (+1, 0)... 

GY = oflg™(0) + 2cosh(ra)Jo(re)g”*(a)] . 
Now from Part I [pp 461-3], we now know that (1) is equal to g"’’(a) - Jo(re) in two cases; and these 
are when a = 1, e = 0, and when a = 0, e = 1. Note that because the dark energy component can be 


calculated from the dark energy contour integral, in the uncoupled case, all that really matters in the 
statement 


(1) =g'"(@)-Jo(re) (~) 
is the parametrization of g"’’, just above, on the right-hand side. 
Now if we look at (~) a little more closely, in the two cases where it is true, we see that arg[g"’”] is 
equal to a, on the right-hand side of (~), which just happens to be the average value of the two 
arguments associated with g'’” in (1). That is to say, when a = 0 or 1, it is the case that 


a = {(a—iy) + (a+iy)}/2 = arg[g"”] in (~) [right-hand side] 


I suspect this is true in general, for any choice of a and e, where O is between 0 and 7, say. If so, 
then from (*), (2) is also true for all such 0. 


466 


a+ iy 


a = cos(8) 


e = sin(ĝ) 


x 


(1) = g(a): Jo(re) 


a— iy 


In the picture above is a unit circle, and here the dark energy singularities are at O and at (+1, 0). 
Superimposed on this picture is the a-line (blue) in the complex plane, where the integration in (1) 
takes place, implicitly. It starts at B and travels northward to a + ico, and similarly, goes from C to 
a — iœ in the opposite direction, when looking at the arguments associated with g™” in (1). 


We surmise that this integration, for all 8 between 0 and 7, is actually equal to 
g(a) - Jo(re) , 
where a is the segment OA, and e is the segment AB, which is equal to AC. And the variable r in 


Jo above, is the radius of a circle in an (r, 0) layout, which shows up in (1) in the cos() and sin() 
terms. 


KKK KKK 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part III 


In considering our dark energy contour integral below (*), in the coupled case, where the 


singularity is at (+1, 0), we note that as 0 ---» 0, the branching points in the contour y below merge 
into a simple pole, so that it is easy to calculate the residue. 


koe) f e™g™V(s + cos(9)) /,/(s — isin(0))(s + isin(8)) ds (*) 
Y 


Indeed, our expression (*) becomes, where y is now a simple contour that omits the branch lines 
above, 


lim Koef f {e™"g™(s + cos(0)) / s } ds 
g0 7 
and this resolves as ... 
lim oe". g™Y(cos(0)) 


0 ---> 0 


Thus, arg[g'’’] in the coupled equations, already presents itself as cos(®), even as the angle 0 ---> 0, 
thereby only bolstering our view that (2) [p 465] is the correct form we are looking for ... 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part IV 


Let us consider (1) and (2) again [pp 465-6], with a = cos(0) and £ = sin(0), in the coupled case, 
where (1) is ... 


xf {cos(yD[g™" (a + iy) — g'’’(a—iy)] + isin(yr) [g(a + iy) + g™”(a—iy)]} dy /yy? - £? 
€ 
and (2) is ... 


GY = ofg™ (0) + 2cosh(ra)Jo(re)g"’*(a)] . 
Recalling our equivalency, it is probably more correct to say 
(1) = g""*(a, 0) - Jo(re) if and only if (2) is true, (*) 


because for the second dark energy component in (2), g™*(a) will depend on 9, since a itself, is a 
radial measure [pp 323-5, 369-70]. 


a+ iy 


a = cos(0) 


g = sin(0) 


(1) = g(a, 9) - Jo(re) 


Thus in the picture above, when calculating g"’’(a), it must be done along the radial line &, where a 
is now OD, which is equal to OA. Here, the dark energy singularities are at O and at (+1, 0), and 
the black circle above has a radius of 1. And in Cartesian coordinates, g(a, 0) = g"’"(a”, as). 
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Now let’s consider the three dimensional coupled equations, as shown below, in a mathematical 
coordinate system, 


G"Y = o[g"%(0) + 2cosh(rcos(a))Jo(rsin(a))g"*(cos(a)) + 
2cosh(rsin(B))Jo(rcos(B))g"’’(sin(B)) + 
2cosh(rcos())Jo(rsin(p))g""(cos())] (*) 


with physical singularities at the origin O, and at 

(1,0,0) (¢1,0,0) (0,1,0) (0,-1,0) (0,0,1) (0,0,-1). 
And here, we know from previous research, that cos(a) = sin()cos(8) and sin(B) = sin(o)sin(6). 
In this case, where we are on a unit sphere centered at O, the arguments cos(a), sin(B) and cos(¢) 
above, associated with g™, are radial measures on the line bop, so that if we want to convert these 
arguments to Cartesian coordinates, we repeat the exercise on the previous page. 
Since we know, in a mathematical coordinate system, that 

x = rsin()cos(0) ; y = rsin(þ)sin(0) ; z = rcos(ġ) 

all we need to do is let r become cos(a), sin(B) and cos(), for the corresponding terms associated 


with er in (*), and calculate x, y, and z, accordingly. And, of course, use absolute values for r, if 
need be. 


Mathematical Coordinate System 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part V 


Let us consider (1) and (2) again [pp 465-6], where a = cos(8) and £ = sin(@), in the coupled case, 
with singularities at the origin O and (+1, 0). Then (1) is ... 


xf {cos(y)ig™ (a + iy) — g™”(a—iy)] + isin(yr) [g(a + iy) + g""(a—iy)]} dy yy? - £? 
E€ 
and (2) is ... 


GY = o[g'*(0) + 2cosh(ra)Jo(re)g"’*(a)] . 
Recalling our equivalency, 
(1) = g""*(a, 0) - Jo(re) if and only if (2) is true, (~) 


let us set £ = 0, and allow the singularities at (+1, 0) to converge at the origin O. Then (1) becomes 


(oe) 


xf {cos(y)ig> (iy) — g"’-iy)] + isin(yr) [g> Gy) + g™ Ciy} dy/y  ... 4) 
(0) 


which is always equal to g"’’(0), provided g™“ is well-behaved in the complex plane, real-valued 
on the x-axis, and we can secure convergence along our contour y [p 467]. Indeed, we showed it to 
be true when g™”(s) = C(B — s), where B > 1 [pp 330-2]. 


Thus, from our equivalency (~) above, it must also be true that 
Gr’ = 30- g™(0), 
since a is now 0 in (*), as is e. And, of course, this agrees with our original calculations on pages 


197-9, using the dark energy contour integral for a singularity at O. Thus, we have a confirmation 
of our harmonic expression (1) in this case, as well as our equivalency (~). 


KK KKK 


As another confirmation, suppose g™“ = c, where c is some constant. Then (1) computes to 


oo Co 
Axic J sinyo dy / Jy? - £ = c-2/n if sin(yr) dy / yy? - £2? = c- Jo(re), 
E E 


so that from our equivalency (~), g'’’(a) in (2) is equal to c, which is, indeed, the case. 
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But the question of how to solve (2), reproduced below, is still rather puzzling ... 
GY = ofg™(0) + 2cosh(ra)Jo(re)g"’*(a)] (2) 


For in (2), there are two terms on the right-hand side that we need to deal with. First, g'’’(0), which 
is associated with the first dark energy component o, and then g"’’(a), which is associated with the 
second component 2ocosh(ra)Jo(re). 


Now g'’’(0) doesn’t depend on 0, because it is associated with the singularity at the origin O, but 
the second term g"’‘(a), associated with the singularities at (+1, 0), does depend on 0, because a is a 
radial measure. 


Perhaps the best approach is to look at the equation 
G"Y = 2o- cosh(Srcos(0))Jo(Srsin(6))g"’*(Scos(8)) ($) 


associated with the dark energy singularities at (+6, 0), where 6 > 0. The solution to (§), namely 
g™“, will be a function of (r, 0, ©, 5), but if we let ô ---» 0, it becomes the equivalent of the solution 
to 


GUY = 20- g™™*(0). 


Thus, if we take the solution to ($), namely, g"’’(r, 0, o, 5), and replace o by o/2 in it, as 6 ---» 0, 
we should, in theory, arrive at a solution to 


GY zo- g%(0) : 
which will only depend on (r, o), because of radial symmetry associated with the singularity at O ... 


That is to say, the solution g™¥(r, o) to the equation just above, will not depend on 9, and perhaps 
by adding the two solutions together; namely g'’’(r, 0, o, 5) and g™”(r, o), we might arrive at a 
solution which incorporates all three singularities; that is to say, the one at O and the two at (+6, 0). 


NOTE TO THE READER 


In (2) above, when a = 0, the temptation is to factor g'’’(0) out of the bracketed expression, which 
we actually did on pages 321-9, purely for symbolic reasons. In reality, g"’(0) and g'’’(a) are two 
very different gravitational tensors — the first being associated with the singularity at O, and thus 
having no dependency on 9 at all, while the second [g'’’(a)] does very much depend on 0, because 
it is associated with the singularities at (+1, 0). Thus, no such factorization is really possible ... ... 


Also note, that when talking about g"’’(r, o) having no dependency on 0 or 4, it is implied that we 
are referring to the primary directions of r and t. 
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Unit Circle 


y 
g=( 0 ) 


Vv 


a+ iy 


a = cos(@) 


g = sin(@) 


a— iy 


In the diagram above, in the coupled case, where a = cos(8) and e = sin(@), with singularities at the 
origin O and (+1, 0), we recall that (1) is ... 


xf {cos(y)[g™ (a + iy) — g"’*(a—iy)] + isin(yr) [g> (a + iy) + g™”(a —iy)] } dy /Jy2 - £? 
E 
and (2) is ... 


G"Y = ofg™(0) + 2cosh(ra)Jo(re)g"’*(a)] . 
Recalling our equivalency, 
(1) = g"'*(a) - Jo(re) if and only if (2) is true, (~) 
we can picture the argument associated with g’’’(a) in two ways: as the segment OD meeting the 
blue circle at D or, as the segment OD meeting the gold circle at D, where the gold circle is the 


polar plot of a = cos(0), running from 0 =—2/ 2 to n / 2. 


As 0 moves from 0 to 2 / 2, the radius of the blue circle will shrink to zero, while the polar plot in 
gold will remain the same ... 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part VI 


In this note, we want to talk briefly about how we might solve the coupled equations in two 


dimensions, when there are singularities at the origin O, and at {(+1, 0), (0, +1)}. Notationally, the 
form for these equations is ... 


G"Y = ofg™(0) + 2cosh(rcos(9))Jo(rsin(8))g"’(cos(8)) + 2cosh(rsin(0))Jo(rcos(0))g"’’(sin(8))] , 
but in reality, it only makes sense to deal with it component by component, as we’ll see below ... .. 
Starting with the first component, for the singularity at O, we have 

GY = o: g™™(0), 
and however we arrive at a solution to this equation, we’ll call it g"’’(r, o), since it doesn’t depend 
on ©. The second component, associated with the singularities at (+1, 0), was already dealt with in 


the last research note, and so again, we’ll call the solution to the equation below g"’’(r, 0, 6), since 
it does depend on 9 ... 


G"Y = 2o- cosh(rcos(0))Jo(rsin(8))g"’’(cos(8)). — (*) 
To find the solution for the third component, simply rotate g™”(r, 0, o) by 90 degrees, since the 
singularities here are at (0, +1). We’ll call this solution a Ge 0, 6 | rotate). Now we can obtain a 
total solution by adding together g(r, o), g"’’(r, 0, o) and g"’“(r, 0, o | rotate). 
In three dimensions, with singularities at the origin O, and at 
d, 0, 0) (-1, 0, 0) (0, l, 0) (0, -l, 0) (0, 0, 1) (0, 0, -1), 


the coupled equations are, notationally, in a mathematical coordinate system ... 


GY = ofg™(0) + 2cosh(rcos(a))Jo(rsin(a))g"’’(cos(a)) + 
2cosh(rsin(B))Jo(rcos(B))g"’’(sin(B)) + 
2cosh(rcos())Jo(rsin(}))g"’*(cos(o))] . 


And here, we know from previous research, that cos(a) = sin(d)cos(8) and sin(B) = sin(d)sin(8), so 
that, roughly speaking, we can use the same approach as above. For the singularity at O, we solve 
the equation 


Gy zo- g%(0) i 


and call this solution g"’’(r, o), since it doesn’t depend on 0 or ọ. 
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For the second component, associated with the singularities at (+1, 0, 0), one would now solve the 
equation 


G™Y = 20 - cosh(rcos(a))Jo(rsin(a))g"’*(cos(a)) , 
and call the solution eG 8, >, o). And for the third component, the solution is simply a 90 
degree rotation of g™*(r, 8, p, o) in the x-y plane, since we are now dealing with the singularities at 
(0, +1, 0). Let’s call this solution g™*(r, 0, , | rotate). 
That only leaves us with the last component, associated with the singularities at (0, 0, +1); namely, 
G™ = 26 - cosh(rcos())Jo(rsin(o))g"’’(cos()) , 
and this is no different than solving (*) on the last page, where 0 has been replaced by ọ. We’ll call 
this solution g"’’(r, b, 6), since it doesn’t depend on 9 — a manifestation of our coordinate system, 


actually, which is the (r, 0, >) layout. 


Now we can obtain a fotal solution, by adding all four solutions together; that is to say, aad Ge o), 
along with g"’“(r, 0, b, o), g™(r, 0, 6, o | rotate) and g"’“(r, , 6) ... 


OTHER CONSIDERATIONS 


It might just be that at or near a singularity, a ‘whorl effect’ appears in g"’’, in the coupled case. 
For example, we know already that with singularities at the origin O and at (+1, 0), approaching O 
along the x-axis is not the same as approaching O along the y-axis, when looking at the coupled 
equations in two dimensions. And this could lead to whorls in g"’’ as shown in the diagrams below. 
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An Interesting Decomposition Concerning The Primes 


Let n > 3 be any integer. Then there is always a finite sequence of increasing primes {Dx}, 
according to our construction below, such that 


n=Ppitpot+...+ Pe ; P< Pos...< Pe; Pr = 2o0r3 (*) 


To show that this is so, we’ll prove it by going in the reverse direction. So let’s start by letting pı 
be the largest prime at least 2 below n, and let A = n — pı. If A = 2 or 3, we are done. If not, find 
the largest prime p2 at least 2 below A, and now let A =n — pi — p2. If A = 2 or 3, then again, we 
are done (note that p2 < pı). 


Otherwise, continue the process until eventually we have A = 2 or 3, and let px = A, to complete the 
summation. Finally, by reversing this summation, our theorem is proved. 


As an example, if n = 29, it would resolve as 29 = 23 +3 + 3. On the other hand, 28 = 23 + 3 + 2, 
and by reversing these summations, we see how they validate our theorem. 


What makes this somewhat fascinating to me, at least, is that it holds for any n > 3. Thus, even for 
a number like 10!%°, (*) will be true, even though we may never know what the sequence {Px} 
really is, according to our construction. 


Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part VII 


In the diagram below, on the following page, we want to consider the dark energy over two circles 
[A and B] and compare charts. Here, we are dealing with a three dimensional model, with 
singularities at the origin O, and at 


d, 0, 0) (-1, 0, 0) (0, 1, 0) (0, -1, 0) (0, 0, 1) (0, 0,-1), 
where the coupled equations are, notationally, in a mathematical coordinate system ... 


GY = ofg™(0) + 2cosh(rcos(a))Jo(rsin(a))g"’’(cos(a)) + 
2cosh(rsin(B))Jo(rcos(B))g"’’(sin(B)) + 
2cosh(rcos())Jo(rsin(o)) g""*(cos(p))] . =) 


And here, we know from previous research, that cos(a) = sin()cos(8) and sin(B) = sin(d)sin(6). 
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For circle A above, where r= 11,0 = 1,0 < 0 < x, and 6 =7/4, the total dark energy in (*), on the 
semi-circle ecg is shown in the picture on the left below. For circle B, where k = (V2 /2) -r,6=1, 
m/4<0< 3n/4and2/4 < p < 2/2, the total dark energy on the semi-circle acb is shown on the 
right below. The constant k is the center of circle B. 


1000 } 1000 


900 | 900 | 
B00 | 800 | 
700! 700 | 
600 | 600 | 


500} 500 | 


$00 | 100 £ 
A A 


i i 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 


Circle A ecg ,O0=x Circle B acb,0=x 
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One would think that the two energy profiles above would be the same, given the location of the 
singularities, and given that circle B is simply a 90 degree rotation of A. However, because of 
where circle B is situated, the y component k does not change, so that the equation below must hold 
for this circle [B]. 


y = r-sin(o)sin(0) = k 


In turn, this creates a non-linear relationship between 0 and ọ in circle B, which skews or distorts 0 
in the right diagram above, versus 0 in the left diagram above, where no distortion occurs, because 
in the left diagram above, 0 is independent of 9. 


Thus, the two diagrams really are the same, up to this distortion effect, and I think this is the correct 
way to interpret pictures like this, when a dependency between 0 and ọ exists. Below is a plot of 0 
versus b when k = (V2 /2)-1r,anda/4<0<2/2,n/4<5 6 2/2. 


8 = arcsin 1 / (V2 ° sin(®)) 


Finally, when considering solutions to coupled forms, like those shown below, it should be kept in 
mind that G™” must be constructed in a manner consistent with the right-hand side of these forms. 
Here, G™Y = C™ — kT", where C™Y, TY are the Einstein curvature and relativistic stress tensors, 
respectively ... 


GY zo- g%(0) , 


G"Y = 26 - cosh(rcos())Jo(rsin(o))g"’’(cos(@)) . 


oe ok ok ok ok 
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Revisiting Our Form For The Field Equations of General Relativity When Ms) ~ o/s, 
Part VIII 


In the diagram above, the total dark energy č from (*) on page 475, at points e and g on the dashed 
circle, maps uniquely to these same points on circle A. Similarly, € at points a and b on circle B 
maps uniquely to these same points on circle C, and at the point c on circles A and B, where they 
touch, € is also the same value. 


In general, then, for any point p on any circle B, we can always map (or associate) & at p with some 
circle A, uniquely, so that ultimately, the entire sphere is covered off in this fashion. 


Thus, when calculating the total dark energy € over the sphere S of radius r, it does not matter 
whether we choose to integrate over the sum total of all circles of type B, moving from the east 
pole of S to the west pole of S, or circles of type A, moving from the north pole of S to the south 
pole of S. Either way, we will get the same result for &. 


The only difference is one of simplicity. If we choose to go with circles of type A, moving from 
north to south [pp 374-5], the calculations will be much simpler because 0 is independent of 6 ... 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part IX 


Some brief remarks are in order concerning the coupled field equations. When we write an 
equation like 


GY = ofg™(0) + 2cosh(rcos(a))Jo(rsin(a))g"’’(cos(a)) + 
2cosh(rsin(B))Jo(rcos(B))g"’’(sin(B)) + 
2cosh(rcos($))Jo(rsin(o))g"’*(cos(o))], C) 


with singularities at the origin O, and at 
(1,0,0) (-1,0,0) (0,1,0) (0,-1,0) (0,0,1) (0,0,-1); 


where GY’ = C™ — kT", and C™Y, TY are the Einstein curvature and relativistic stress tensors, 
respectively; we are saying that G"’’ is the remainder after subtracting out tangible matter from the 
space-time fabric. And here, cos(a) = sin()cos(8) and sin(B) = sin(d)sin(8), in a mathematical 
coordinate system. 


Thus, while dark energy appears in (*), it does so on the right-hand side of (*), and is to be thought 
of as intangible matter, which still has an influence on the gravitational tensor g"’’. It therefore has 
no presence in the stress tensor T’’’, in my opinion. 


So in the simple case where we only have the vacuum in our space-time fabric, plus one dark 


energy singularity at the origin O of our coordinate system, T’’Y would be zero, and our coupled 
field equations would look like 


cuy zo- g™~0) i 
where C™ = R™Y - YRg™“, and R™ is the Ricci tensor and R the Ricci scalar. And if there was 
also a static, perfect star centered at O, T™ in the comoving frame, would be comprised of pressure 


and density in the star, along the diagonal components, and the coupled field equations would now 
look like 


GY mga TO 


And the same formulation applies to (*) above, where now the dark energy singularities have been 
extended to include 


(1,0,0) (-1,0,0) (0,1,0) (0,-1,0) (0,0,1) (0,0,-1). 


In my view, this is the correct way to interpret the left-hand side of the coupled field equations, but 
there may be other interpretations as well. 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part X 


Suppose we are looking for a total solution ‘in one go’ to the coupled equations below, 


G"Y = o6[2cosh(rcos(a))Jo(rsin(a))g"’’(cos(a)) + 
2cosh(rsin(B))Jo(rcos(B))g"’’(sin(B)) + 
2cosh(rcos($))Jo(rsin(o))g"’*(cos(o))],. C*) 


with singularities now at 
d, 0, 0) (-1, 0, 0) (0, 1, 0) (0, -1, 0) (0, 0, 1) (0, 0, -1) . 


Because this is being done ‘in one go’, we are abandoning the ‘component by component’ approach 
discussed in previous research notes in this section [p 461 ff], and we’ll call this total solution, 
which we believe exists, g"’’(r, 0, Q, o | total). 


Now suppose we remove the singularities along the y and z axes, so that only the singularities along 
the x-axis [(+ 1, 0, 0)] remain. Question: will it be possible to reduce g'’‘(r, 0, $, o | total), 
mathematically speaking, so that it now reflects the solution we would have gotten, had we solved 
the equation 


G"Y = 26 - cosh(rcos(a))Jo(rsin(a)) g"’’(cos(a)) , 
associated with (+1, 0, 0) ? 


Either such a reduction is possible or it isn’t. If it is, then the ‘in one go’ approach might work, but 
if it isn’t, then the ‘component by component’ approach may be our only option, since here such a 
reduction is obvious [pp 473-4]. 


Ti KK KK 


We’ll now offer a rather heuristical proof that any total solution for the coupled equations, with 
singularities at the origin O, and at S = {(+6x, 0, 0), (0, dy, 0), (0, 0, +5z)}, where ôx, dy, and 6, are 
all greater than zero, is always reducible. It should be said that whether there is or isn’t a perfect 
star centered at O, does not matter here. 


Let us assume the solution at O is separate and apart from the solution for S, so that our total 
solution may be written as 


J: = g(r, o) + eo 0, , O, Ox, dy, dz) . 


Now let 6, ---> 0, so that the solution becomes 
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3- g(r, 6) + g(r, 0, , 6, ôx, dy), 
which, up to the constant 3, is a subset of J. If we now let dy ---> 0, the solution becomes 
5- g(r, 6) + g(r, 0, Q, 6, 5x), 


which again, is a subset of J. And finally, letting òx ---» 0, we obtain 7 - oY (r, o), and the theorem 
is now proved. 


So no matter how we arrive at a total solution J for the coupled equations, it must, in the end, be 
reducible, if our logic above holds true. 


OTHER CONSIDERATIONS 
Let 6, ---> 0, so that the solution becomes (because the two z-axis singularities converge at O), 
e%(r,6) + g(r, 20) + g(r, 0, b, o, ôx, ôy). 
If we now let dy ---> 0, the solution becomes 
er, o) + 2g" %(r, 20) + g(r, 0, b, o, 5x), 
and finally, letting òx ---» 0, we obtain 
eG; 0) 3e"@20).. GC) 


Were we to let dx, dy, and 6, converge to O simultaneously, we could argue the reduction would 
lead to 


g'(r,6) + g°“(r, 60) , 
so that from (~) 
3g""(r, 26) = g(r, 60) . 
In turn, this must mean that 
2g"'"(r, 6) = g(r, 20), 
so that (~) above becomes 7 - g"’“(r, 6). 


Ti KK Kok 


We’ll now demonstrate this result, using a slightly different approach. So let us begin by 
considering the coupled equation below ... 
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GY = ofg™(0) + 2cosh(Srcos(6))Jo(Srsin(@))g"’(Scos(8))], =) 


with singularities at O, and at (+6, 0), for some 6 > 0. And let us presume, as we did above, that 
the total solution to this equation is of the form 


T = 2'(r,6) + g(r, 0,6, 8). 
Letting 6 ---» 0, the solution will become 
eG o) bg G20) 
but also, the form for (*) now becomes 
Gh" = 30: g™™(0), 
with a solution g"’’(r, 36). Thus, it must be the case that 
g(r, 0) + g’"(r, 20) = g'"(r, 30), 


and so, an associative principle concerning o emerges; namely that if a and b are non-zero, and 
real-valued numbers, then it must be the case that 


g"(t,ao) + g'"(r, bo) = g(r, (a +b)o). (P) 
Extending (*) so that it includes the singularities at (0, +5), we find that as 6 ---» 0 
g(r, o) + 2g"%(r, 20) = g™C, 50), 
and thus, using our associative principle, we have 
2g""(r, 26) = g™ í, 50) — g(r, o) = g(r, 50) + g(t, -6) = g(t, 40). 
Replacing o by o / 2 now gives us the desired result; namely that 
2g""(r, 6) = g(r, 20). 


We could have discovered this result simply by letting a and b equal 1 in (+), but it’s nice to see too 
that it can be produced by extending (*), as we did above. 


Ti KK Kk 


Let’s now reconsider (*) above, but this time assume a total solution J where we don’t split off the 
solution at O. Again, as ô ---» 0, J becomes g™”(r, 30), and we’ll call this Fo. Now let’s consider 
the total solution F’ to the following equation ... 
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G™Y = 26 - cosh(Srcos(0))Jo(Srsin(0))g"’’(Scos(8)) , 


and let  ---» 0, so that J’ becomes g™*(r, 20), and we’ll call this F’. We now want to consider the 
meaning of the statement 


To — Fo. 


It is, in fact, the total solution at O, after removing two of the three singularities that were there, 
once we let 6 ---> 0 initially, to arrive at Jo. As such, we may write 


To — Fo = 2", 0), 
or equivalently, 
g'"(r, 0) + g(r, 20) = g(r, 30), 


which is exactly what we concluded on the last page, by first assuming a split in the total solution J 
to (*). 


Thus, it does not matter whether we do or don’t assume a split in J, for either way, we arrive at the 
same conclusion, and so our associative principle concerning o, holds in general. 


NOTE TO THE READER 


When talking about g'’’(r, o) having no dependency on 9 or 4, it is implied that we are referring to 
the primary directions of r and ż, in these notes. 


ok 2k ok 2k ok 
It might just be, for a coupled equation like 
GY = ofg™(0) + 2cosh(Srcos(6))Jo(Srsin(@))g""’(Scos(8))], =) 


with singularities at O, and at (+6, 0), for some 6 > 0; that the total solution to this equation is of 
the form (at least for the radial and time components) 


T = g(r) + g(r, 0) + 2°", 0, o, 8). 
Letting 6 ---> 0 gives us 
oO) #27", 30), 


and letting o ---» 0 yields g"’’(r), since from our associative principle below [p 482], g"’’(r, o) = 0 if 
o=0. 


2g""(r,6) = g(r, 20) 
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Using Ī as the template, we would then calculate GY = C™ — kT™Y, where C™Y, T"’Y are the 
Einstein curvature and relativistic stress tensors, respectively; given that in a comoving frame, T™ 
will be comprised of pressure and density along the diagonal, for a perfect two-dimensional star, 
centered at the origin O. 


We might start by looking for a diagonal solution to g"’’, and thus would calculate C”’Y and T’” 
along the diagonal, using the whole of J, and solve (*) above, accordingly. 


And in this case, because we are dealing with an (r, 0, t) layout, it is reasonable to suppose S 
should look the same for all (u,v), where u =v, and u = 1, 2, 3. 


There can be no assurance that this method will work, but at this point, anyway, I believe it’s worth 
considering. And if we decide to take a ‘component by component’ approach to solving (*) on 
page 483, assuming our associative principle holds true [pp 482-3], we’d start with the expression 


and solve it by using the first term in J below, as our template for calculating CY and T"”, 
assuming a perfect star S*, centered at O ... 


FiSre a) are eG) a 0yG,0)2 
To solve for the singularity at O; namely, 
Gey zo: g™(0) , 


we would use the second term in J for doing our calculations, and to solve for the singularities that 
are at (+6, 0); namely, 


G™Y = 26 - cosh(Srcos(0))Jo(Srsin(0))g"’’(Scos(8)) , 


we would use the last term in J for our calculations. Adding all three component solutions 
together would give us a total solution for (*), that allows for o ---» 0, when S* exists. 


The only other option would be to try and solve (*) in its entirety, ‘in one go’, by using the whole 
of J to calculate C"’’ and T"’’, but I’m not so sure this is a good idea. For more on this, you can 
also consult the previous research notes [p 461 ff.] ... 


KK KKK 


So to see how this works for the second component in J, which is g™¥(r, o), associated with the 
singularity at O; let us assume a perfect star S* centered at O, which is filled with dark energy [o] 
everywhere, but nothing else. From this, we can calculate an intangible stress tensor T™Y, 
comprised of pressure and density along the diagonal, just as we would in the tangible case, when 
dealing with the first term in J, where o = 0. So we’re imagining dark energy to be a fluid here. 
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The assumptions concerning g"’’(r, 6) would be similar to those made for the tangible case, except 
that here we know o is present and that g"’’(r, o) must vanish if there is no dark energy; that is to 
say, g"’’(r, 6) =O if o=0. Therefore, it is reasonable to suppose 


g™t, o) = o:g™), 


for such an assumption also preserves our associative principle mentioned above [see also the notes 
on pp 482-3]. But there may be other ways to decode g"’’(r, o), as well. For example, we might 
write, for some function f , that preserves associativity under addition with respect too ... 


g’"(r,6) = f(o) 2°"), 


or we could even let f (o) = 1, and hope that the solution g'’’(r, o) to the equation below preserves 
associativity. 


Now we can calculate both C™Y and T™Y, using our template from g"’’(r, o) above [which might be 
g(r), itself]; where here C”’Y , T"Y can be thought of as intangible tensors, and solve the following 
equation for the coupled case ... 


Ge soe (O). 


We then take this solution g"’’(r, o), valid for all r > 0, and add it to the solution g"’’(r) obtained by 
using the first term in J, when o = 0; and so have a total solution in the case of a perfect star, 
centered at O, and filled with tangible matter, plus one dark energy singularity at O; where the dark 
energy [o] itself, permeates the whole of space-time. As such, there is no such thing as an interior 
or exterior solution for g"’’(r, o), as there is when dealing with tangible matter in the star. 


Almost like an overlay, if you will, where we are considering two perfect stars; one filled with a 
tangible fluid, and the other filled with an intangible fluid, which we call dark energy, that spreads 
throughout the whole of our space-time fabric. 


The case of the third term in J is much harder to deal with, as it is associated with the singularities 
at (+6, 0), where the equation now takes the form 


G"Y = 26 - cosh(Srcos(6))Jo(Srsin(0))g"’’(Scos(6)) . 
It’s still intangible matter, but calculating C™* and T’’Y will be much harder. Perhaps we can 


invoke a mean-value theorem here [pp 374-5], to simplify things. I hope to say more in a future 
note, on this subject ... 


OTHER CONSIDERATIONS 
In dealing with the two dimensional perfect star S* of radius r, and filled only with dark energy and 


nothing else, the dark energy at each point in S* is o, and the average value of dark energy over S* 
is also o [pp 374-5]. 
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Thus, by letting r ---» 0, we see the average value of dark energy is still o, and so can define energy 
density [p] in S* to be o. And since dark energy is an intangible fluid, it is reasonable to suppose 
that the following ‘equation of state’ holds for S*, where p is pressure in the star [p 383 ff] ... 


2p+p=0. 


Thus, along the diagonal, we can populate the intangible stress tensor T™Y, in the comoving frame, 
with real values for pressure and density, and so calculate the intangible CY and T™Y in a 
relativistic setting. 


As to our template g"’’(r), which is used to calculate C"’Y and T™Y, it is a function of r in the radial 
and time directions [u = v, u = 1 or 3], and for u = v = 2, which is the 8 direction, we can let g,,.(r), 
in its covariant form, be equal to r° [p 383 ff.]. 


These are just my ideas and opinions on how we go about solving 
GY zo- g™(0) 


for the intangible case, where we are dealing with the singularity at the origin O, and S*¥* is filled 
only with dark energy. 


KKK KK 


Note that if a component, such as g? in the intangible case, does not depend on o, then we would 
not add it to its counterpart in the tangible case, when developing a total solution. We would only 
do this if in the intangible case, g"’’(r, o) did depend on o. 


Now looking at (*) below again, we could try to solve it ‘in one go’ by essentially incorporating the 
right-hand side into the stress tensor. But what will happen when we try to calculate C™Y and T™”Y, 
using a template like g™”(r, 0, o, 8) ? For example, when 0 = 2/2, am I referring to the first 
component in the bracketed expression below, or am I referring to the second, since both are 
g'’“(0). They are, in fact, two very different gravitational tensors, since the first does not depend on 
6 at all, but the second does. 


Furthermore, if we were to incorporate only the first component o- g’’(0) into T™Y, where now 
we’re dealing with a perfect star [S*] filled with tangible matter, it’s rather like saying we’re going 
to pair the pressure and density [p and p] associated with S*, along the diagonal, with o. Yet, from 
our analysis above, of the perfect star filled only with dark energy, we have seen that it may have 
its own intangible stress tensor, that follows a certain ‘equation of state’. How then, would we 
reconcile this difference, were we to incorporate in this way ? 


For these reasons, and others too, I think the “component by component’ approach is more realistic, 
and we may have more to say about it in future notes ... 


GY = ofg™(0) + 2cosh(Srcos(6))Jo(Srsin(@))g""’(Scos(8))]. — (*) 
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Now we’ll deal with the third term in F below, which is associated with the singularities at (+ò, 0), 
T = g(r) + g*(r,6) + g(r, 0,6, 5) 
where the equation takes the form 
G™Y = 2o - cosh(Srcos(6))Jo(Srsin(6))g"’*(Scos(8)). (P) 


Our perfect star S*, of arbitrarily large radius r, is filled only with dark energy from the 
quantumiike fluctuations that come and go in an instant of time, defined by the function 


E = 20: cosh(Srcos(@))Jo(Srsin(0)) . 


Since € satisfies Laplace [pp 374-5], the average value of € over S* is 20, and so we can define the 
energy density [p] in S* to be 20. And again, since € is intangible matter, it is reasonable to 
suppose that the ‘equation of state’ for S* is 


2p+p=0, 
where p is average pressure in the star. 


Thus, along the diagonal, we can populate the intangible stress tensor T™Y, in the comoving frame, 
with real values for pressure and density, and so calculate the intangible C™Y and T"” in a 
relativistic setting. 


As to our template g"’’(r, 0), which is used to calculate C™Y and T"”, it is a function of (r, 0) in the 
radial and time directions [u = v, u = 1 or 3], and for u = v = 2, which is the 8 direction, we can let 
gu,(t), in its covariant form, be equal to r° [p 383 ff]. 


The reason we can do this for g22 is because while there are quantumlike fluctuations along any 
circle C in S*, centered at O; it is the case that for any point q on C, the dark energy at that point 
belongs to the radial fluctuation along some line & which intersects C at q (for pictures of radial 
and angular fluctuations, see for example, page 240 and pages 346-7). 


Now we can solve (+) [for u = v, u = 1 or 3], and call this solution g"’’(r, 0, o, 5). By adding all 
three solutions together, we arrive at J. And again, the first term in J is the solution when o = 0, 
and we are dealing with a perfect star comprised of tangible matter, with pressure p and density p. 


The second term in J is the solution when we are dealing with a perfect star of arbitrarily large 
radius r, comprised only of dark energy, for the singularity at O. And the third term in J is like the 
second, but now the singularities are at (+6, 0). The hope is that all three solutions, added together, 
will give us what we’re looking for ... 


Ti KK KK 
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Recall that in a mathematical coordinate system [labelling as (*)], the coupled field equations are ... 


GY = ofg™(0) + 2cosh(Srcos(a))Jo(Srsin(a))g"’’(Scos(a)) + 
2cosh(Srsin(B))Jo(Srcos(B))g"’’(Ssin(B)) + 
2cosh(Srcos($))Jo(Srsin())g"’’ (Scos(o))] . 


And here, cos(a) = sin()cos(8) and sin(B) = sin(d)sin(6), and the physical singularities associated 
with à(s) = o / s, are at the origin O, and at 


S = {(+6, 0, 0), (0, +8, 0), (0, 0, +8)} . 


As well, GY = CY — kT’, where C™Y, T™Y are the Einstein curvature and relativistic stress 
tensors, respectively; and C™ = R"” - Rg", where R"” is the Ricci tensor and R the Ricci scalar. 


Now since we are going to be working in a physical coordinate system [PCS], we’ll want to let O 
and @ trade places, so we’ll keep this in mind, going forward, with respect to (*) above. 


In an (r, 9, , t) layout, using PCS, our total solution to (*) is 
T = gh") + g™r, o) + g'(, 8, 6,6, 8), 


where g'’’(r) is the solution when o = 0; g™¥(r, o) is the solution associated with the singularity at 
O, and g™”(r, 0, , o, 5) is the solution that corresponds to the singularities associated with S. 


For g(r), this is the case of a perfect star [S*], centered at O, and filled with tangible matter, with 
pressure p and density p along the diagonal of T"’’, in the comoving frame. The interior / exterior 
Schwarzschild solution applies here, as it’s commonly called ... subject to a reconsideration of the 
time component [pp 383-460] for the interior case. 


For g™”(r, 6), this is the solution associated with the singularity at O, in the case of a perfect star 
[S*] of arbitrary radius r, and filled with intangible matter, only. By intangible, we mean dark 
energy [&], and the form for the equation we are solving is (because € is o at any point in S*) ... 
GY zo- g™(0) . 
Just as in our previous notes, the average value of o over S* is o, itself, so that we can define the 
energy density [p] in S* to be o. And again, since € is intangible matter, it is reasonable to suppose 
that the ‘equation of state’ for S* is 
3pt+p=0, 


where p is pressure in the star. 


Thus, along the diagonal, we can populate the intangible stress tensor T”’’, in the comoving frame, 
with real values for pressure and density; and so, calculate the intangible C™Y and T™“ in a 
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relativistic setting, using a generic function g™¥(r) as the template for our calculations, for the 
radial and time components. 


As to the inner block [7’, 77 sin? 6] in the g-matrix, as shown below in covariant form, we leave it as 
is, so that our solution g"’’(r, o) only applies to the first and last entries in g. 


0 r 0 0 
0 0 rsin’A O 
0 OD 0 =p 


We then add to to the Schwarzschild solution g"’’(r) in J, and shown below, the solution g™”(r, o) 
for our dark energy singularity at O, in the radial and time components, only. The inner block is 
always left alone. 


T = o'r) + g™r, o) + gr, 9, Q, o, ô). 


Now we’re on to the quantumlike components, the first of which is associated with (+8, 0, 0) in S, 
and shown below ... 


é = 20-cosh(drcos(a))Jo(drsin(a)) . 
Our perfect star [S*], of arbitrary radius r, is filled only with €, and because € satisfies Laplace [pp 
374-5], we can populate the intangible T"’’, in the comoving frame, with pressure p and density p 
along the diagonal; where p = 20, and average pressure in the star can be calculated from our 
‘equation of state’ 
3p+p=0. 
We now go ahead and solve the equation below, for the radial and time components only, 
G™Y = 26 - cosh(Srcos(a))Jo(Srsin(a)) g"’’ (Scos(a)) 

by first using a generic template T = g'’’(r, 0, p) to calculate C™Y and T™Y, in a relativistic setting. 
And here, it should be clear that the properties of t will be driven by &, and thus, we should 


probably assume T is some kind of Fourier series expansion, at a minimum. 


The solution to the equation will be of the form g"’’(r, 0, 6, o, 5), which is then added to the two 
previous solutions that form part of J, as shown below, again in the radial and time directions ... 


T = o'r) + g(r, o) + gr, 0, 6,6, 8). 


The inner block [7’, 7’ sin’ 6] is always left alone. 
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The solution to the next quantumlike component, that is associated with (0, +6, 0) in S, needn’t be 
calculated from the equation below, in my opinion ... 


G"Y = 26 - cosh(Srsin(B))Jo(Srcos(B)) g"”’ (Ssin(B)) . 


For because of symmetry, it should be nothing more than a 90 degree rotation of the previous 
solution above, in the x-y plane. Again, this solution is added to the other three we’ve already 
discussed above, in the radial and time directions only. 


That only leaves us with the last piece associated with (0, 0, +ô) in S, and in a PCS setting, the 
equation is to be written as 


G™Y = 2o - cosh(Srcos(6))Jo(Srsin(0))g"’’(Scos(6)) . 


The solution will be of the form g"’’(r, 0, o, 5), and again, the radial and time components are to be 
added to the other four solutions we’ve already discussed here. We’re still working in three 
dimensions, but in this case, the dark energy component does not depend on  — a manifestation of 
our coordinate system, actually ... ... 


D 


Physical Coordinate System 


491 


Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XI 


When solving the equation below, in the intangible space, for the radial and time directions, where 
o>0 


Ge" = o- g""(0), Œ 


so that our perfect star S*, of arbitrary radius r, is filled with dark energy only; it is perfectly fine to 
use a template like g'’’(r) to calculate the intangible C™*Y and T"’, and thus find a solution to (1); 
but, the solution g"’’(r, o) itself, must be such that it is zero when o = 0. 


We have demonstrated this idea in different ways in Part X of these research notes, yet here’s 
another approach. Suppose we consider the following equation ... 


GY = —o- gO). (2) 


The solution to (2) will be g™”(r, -o), and we can consider this to be a form of anti-gravity, equal 
and opposite to the solution for (1), which is g"’’(r, o). Thus, adding the two solutions should 
produce zero — gravity, in the intangible space, would disappear altogether; which is the same thing 
as saying the dark energy singularity at the origin O no longer exists, so that o = 0. Thus we may 
write, in the intangible space 


2°36) + 2°°0,-9) = 0 =2'"%,0), 
which is consistent with our associative principle under addition for o [p 482]. 
And the same logic applies to other quantumlike components, associated with dark energy 
singularities, in the intangible space. It is perfectly fine to use a template like T = g"’’(r, 0, ) to 
solve the equation below, for the radial and time directions 
G™Y = 26 - cosh(Srsin(B))Jo(Srcos(B))g'’’(Ssin(B)), (3) 
but the solution g"’"(r, 0, 6, o, 5) must always be such that it is zero if o = 0, in the intangible space. 


Ti KK KK 


And as we said earlier, we could also try templates like o - g™”(r) or o - g(r, 0, b) when solving 
(1) or (3) above, respectively [p 485], but we won’t know what works and what doesn’t, until we 
finally get a solution on paper. 
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Here are some pictures of the [quantumlike] radial fluctuations for a two-dimensional star, centered 
at O, with dark energy singularities at O and at {(+1, 0), (0, +1)}. It is these fluctuations, in the 
intangible space (dark energy), that are responsible for the expansion and contraction of the 
universe. Notice that the fluctuations are both positive and negative, and that here o has been 
normalized to 1 [see also pp 346-7]. 


These particular pictures show the fluctuations along the line łe , where 0 is 45 degrees. Note that 
in the second picture, it is a continuation of the first, using different scaling. In reality, the two 
graphs, merged together under the same scaling, would form a smooth picture, because the function 
that portrays these fluctuations is continuously differentiable. 


Examining The Equation G™* = o- g'’“(0) Again When Ms) ~ o/s 
Let us re-examine the equation below, where a dark energy singularity exists at the origin O, 
GY = og") (*) 
and consider the case where our perfect star [S*], is centered at O and filled with both tangible and 
intangible matter. The latter is dark energy [o], while the former is some perfect fluid, typically 


associated with pressure and density. 


If we now set o = 0, then dark energy ceases to exist, and the equation above becomes G"’’ = 0; 
that is to say, 


Crank 2H 
where C™Y, T™ are the Einstein curvature and relativistic stress tensors, respectively; k is the 


Einstein proportionality constant, and C™* = R"Y - 2Rg™*, where R"” is the Ricci tensor and R the 
Ricci scalar. Notice that in this case, the tangible C™Y, T"’’ do, in fact, exist. 
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The solution to the equation above is vintage Schwarzschild, subject to a reconsideration of the 
time component, in the interior case [pp 383-460]. The exterior solution stays, as is. 


Now let’s do the opposite, by getting rid of the tangible matter altogether and reconsider (*) above, 
and shown again below ... 


Gur = kT" zo- g%(0) : i) 


In this case, all that remains is intangible matter [o], so that our perfect star [S*] is filled with dark 
energy [o] only, whose source is the singularity at O. 


There are two cases to consider; either no such intangible stress tensor T™ exists here, or it does. 
If it doesn’t, we calculate the intangible C"’’ using a generic template like g"’’(r), or even o- g"’“(r), 
and solve the equation below, for the radial and time directions [see also pp 480-91] ... 

C™ = o- g™(0). 
If the intangible TY does exist, we can calculate it using the methods outlined on pages 480-91, 
and then proceed to solve (t), subject [perhaps] to a reinterpretation of the constant k, since this 
constant was really developed by Einstein when dealing with tangible matter. 
Either way, we arrive at a total solution (through addition); that is to say 


T =g" O +g" t,o); 


where g™“(r) is vintage Schwarzschild in the tangible case, and g™*(r, o) is the intangible solution, 
subject to the condition that g"’’(r, 6) =0 if o = 0. 


If we don’t like the idea of splitting S* up into tangible and intangible matter, as we did above, 
then (f) can be solved by seeing the left-hand side of (f) as purely tangible, even though a dark 
energy singularity exists at O, as reflected in the right-hand side of (+). This is probably the easiest 
interpretation to deal with, and in fact, the constant k almost forces us to adopt this view of things. 


Loosely speaking, (t) would then be read as ‘the remainder, after subtracting out tangible matter 
from the space-time fabric.’ 


Thus, when calculating T"’ in the comoving frame in (+), we would simply diagonalize it with 
pressure p and density p, from the perfect star filled with tangible matter. 


Similar comments apply when there are singularities associated with the [dark energy] guantumlike 
components, but the concepts above still hold. So if, for example, we were looking at the following 


equation, with singularities at O and at (+ò, 0) ... 


Ch’ — kT™ = of[g™ (0) + 2cosh(Srcos(8))Jo(Srsin(9))g"’’(Scos(®))], $) 
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and decided to interpret the left-hand side of (t) as purely tangible; then whether we were looking 
at the first or second component on the right-hand side of (t), we would always diagonalize T™ in 
the comoving frame with pressure p and density p, from the perfect star filled with tangible matter. 


However the issue of templates for g’’Y when calculating the relativistic C’’, T> in ({), and shown 
below, remains ... 


Ch’ — kT™ = ofg™(0) + 2cosh(Srcos(9))Jo(Srsin(9))g"’’(Scos(®))]. $) 


For the first component o - g'’’(0), on the right-hand side, a generic template such as g"’’(r) is 
sufficient for the radial and time directions, since g™“(0) does not depend on 0. 


For the second component; namely 
26 - cosh(Srcos(9))Jo(Srsin(8)) g"’’ (Scos(8)) , 
the generic template changes to g'’’(r, 0), again in the radial and time directions. It is difficult to 
see how we could combine the two calculations into a single operation, in which case they would 
have to be done separately, and the solutions then added together. 
Thus, in the radial and time directions, we would be solving 
Cra kr = og" Oy °C) 
with a solution g"’’(r, o), and we would be solving 
C’Y — kT™ = 26 - cosh(Srcos(8))Jo(Srsin(8))g"’’(Scos(8)), ($) 
with a solution g"’’(r, 0, o, 5), again in the radial and time directions. In both cases, however, the 
left-hand sides of (+) and ({) would be seen as purely tangible, so that we would always diagonalize 


T'’’ in the comoving frame with pressure p and density p, from the perfect star filled with tangible 
matter ... 


ok ok 2 2k 
‘there is no such thing as the perfect research paper ... unless, of course, all the pages are blank’ 


Ti KK KK 
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In the picture below, is a perfect, two-dimensional star [S*], filled with both tangible matter and 
intangible matter (outside the star is dark energy, itself). The tangible matter (perfect fluid) is to be 
associated with pressure p and density p. 


The intangible matter is dark energy, associated with the singularities at O and at (+6, 0); and is 
made up of o from the first term on the right-hand side of (t) below, and also the quantum 
fluctuations [&], shown as an oscillating line in the picture. 


C’Y— KT™ = ofg™ (0) + 2cosh(Srcos(@))Jo(Srsin(8))g"’’(Scos(@))] (£) 
& = 2o- cosh(ôrcos(0))Jo(Srsin(0)) 


When calculating the relativistic stress tensor TY, we would always diagonalize T™ in the 
comoving frame with pressure p and density p, for either component on the right-hand side of (+), 
as per our previous remarks, if we interpret ({) as ‘the remainder, after subtracting out tangible 
matter from the space-time fabric.’ This is an important notion, when solving ($) for g'’” in the 
radial and time directions ... 


Some comments on page 493 were rewritten in this release, to reflect more accurately, what I was 
trying to say at the time ... 


496 


Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XII 


Up until now, we’ve spoken mainly about solving the coupled equations in the radial and time 
directions, but there are also quantumlike fluctuations in the angular directions of 8 and ọ, that we 
may wish to incorporate into our modelling down the road [see, for example, pp 272-3]. 


r=11,0=x, 2D star , angular r = x-axis , 0 = 80°, radial 


In the pictures above (o = 1), for a two-dimensional star, with singularities at the origin O, and at 
(+1, 0), the diagram on the left shows the angular fluctuations along the circle of radius r= 11. The 
diagram on the right shows the radial fluctuation emanating from the origin O, at an angle of 80 
degrees to the x-axis. Notice that the radial fluctuation grows in amplitude, as r increases, and that 
the angular fluctuations are really a cross-sectional view of the radial fluctuations, for a given 
radius r. 


If we now bring back our coupled field equations below, that reflect this scenario, where 6 = 1; then 
Ch’ — kT™ = o[g™ (0) + 2cosh(Srcos(0))Jo(Srsin(9))g"’’(Scos(®))]_ ($) 


we see that in an (r, 0, t) layout, there may be justification for including u = v = 2 (the O term) in our 
calculations, when solving ({). In doing so, it could lead to a better understanding of how g™Y 
behaves, particularly in the primary direction of 0, itself. Indeed, since these are quantumlike 
fluctuations that come and go in an instant of time, perceiving them through g™“ in the angular 
sense, may be just as valuable as perceiving them through g™” in the radial sense. 


Similar remarks apply for the three-dimensional star; but in this case we would include u = v = 2 or 
3 (the 6 and @ terms) in our calculations, when solving the coupled equations, using a physical 
coordinate system in an (r, 8, , t) layout [see page 488 for the notational form for these equations, 
where there, they are written using mathematical coordinates]. 
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Revisiting Our Form For The Field Equations of General Relativity When Ms) ~ o/s, 
Part XIII 


We’d now like to offer up an interpretation of the ds? metric for the solution to our equation shown 
below, with singularities at the origin O, and at (+6, 0). We’ll assume our two-dimensional perfect 
star [S*], is filled with both tangible matter (perfect fluid) and intangible matter (dark energy). 


ChY— kT™ = o[g™ (0) + 2cosh(Srcos(0))Jo(Srsin(9)) eg" (Scos(8))] $) 


For the first component on the right-hand side of ({); namely o - g™”(0), the solution t = g(r, o) 
does not depend on 9, so that only the radial and time components in ds? will be affected by t. 


Thus, if relative to O, I were to traverse the circle [C] in the diagram above, I would see no change 
to distance or time on C, but I would along any radial line le emanating from O. And so in q, it is 
acceptable to let g,,,(r), in its covariant form, be equal to r°, where u = v = 2. 

For the second component on the right-hand side of (t), namely, the guantumlike expression 


& = 2o- cosh(Srcos(@))Jo(Srsin(9))g"’’ (Scos(0)) , 


the solution t = e"(r, 0, o, 6) does depend on 9, so as in the first case above, I will see a change to 
distance or time along any radial line ło emanating from O; but also now, along C, relative to O. 
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Thus, my perception of the distance OA may be different than the distance OB, and my perception 
of time at A may be different than time at B. And furthermore, because there are quantumlike 
fluctuations along C, as shown in the picture below [p 496], it’s quite possible that the angle a 
subtended by the arc AB will change, relative to O, as I traverse C (in other words, a might be sub- 
tended by a different arc A' B' that is not equivalent to AB, as I make the traversal). 


r=11,0=x, 2D star, angular 


If this is so, then as we said earlier — in an (r, 9, t) layout, there may be justification for including 
the component u = v = 2 (the @ term) in our calculations for €, when solving (1); as opposed to 
letting g™” default to r° in q, in covariant form, in this case. 


Ch’ — kT™ = of[g™ (0) + 2cosh(Srcos(8))Jo(Srsin(0))g"’’(Scos(®))] ($) 
And finally, similar remarks apply in three dimensions for the O and ọ terms in the g-matrix, but 
again, I wish to remind the reader that this is simply an interpretation of (1) above. 
It should be mentioned as well, that we expect o to by very small — perhaps on the order of the 
cosmological constant, so the kind of discrepancies we are talking about here, very likely wouldn’t 


show up, except at very large distances from O. 


On the other hand, if o = 0, this is vintage Schwarzschild, which is part of the total solution JF to 
(t), and here, it is well-known that discrepancies in the radial and time directions are measurable. 


Indeed, the total solution J, as per our earlier research notes, may be written as ... 
F = gh") +g’, 0) + gC, 9,6, 8), 


where the first term on the right-hand side is Schwarzschild, subject (perhaps) to a reconsideration 
of the time component for the interior case [pp 383-460]. 
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Revisiting Our Form For The Field Equations of General Relativity When Ms) ~ o/s, 
Part XIV 


Recall that in a physical coordinate system [labelling as (*)], the coupled field equations are ... 


GY = ofg™(0) + 2cosh(Srcos(a))Jo(Srsin(a))g"’’(Scos(a)) + 
2cosh(Srsin(B))Jo(Srcos(B))g"’’(Ssin(B)) + 
2cosh(Srcos(6))Jo(Srsin(8))g"’’ (Scos(8))] . 


And here, cos(a) = sin(®)cos() and sin(B) = sin(9)sin(), and the physical singularities associated 
with the underlying dark energy density function à(s) = o / s, are at the origin O, and at 


S = {(+6, 0, 0), (0, +8, 0), (0, 0, +5)} . 


As well, GY = CY — kT’, where C™Y, TY are the Einstein curvature and relativistic stress 
tensors, respectively; and C"’ = R"” - Rg", where R"” is the Ricci tensor and R the Ricci scalar. 


Now suppose, in our g-matrix, and shown below in covariant form (again, using physical 
coordinates), 


we decide to include u = v = 2 or 3 in our calculations, when solving (*) for the three quantumlike 
components; so that for the time being, we are excluding the term o - g™¥(0) on the right-hand side 
of (*). 


We’ll assume our three-dimensional perfect star [S*], is filled with both tangible matter (perfect 
fluid) and intangible matter (dark energy), and that the left-hand side of (*) is to be interpreted as 
‘the remainder, after subtracting out tangible matter from the space-time fabric.’ 


Thus, when calculating T’’Y in the comoving frame in (*), we would simply diagonalize it with 
pressure p and density p, from the perfect star filled with tangible matter. 


Our solution t = g"’(r, 0, Q, o, 5), however we arrive at it [component by component, or ‘in one 
go’] now applies to all four entries in the g-matrix, so that the default inner block [r’, r? sin? 6] is 
now replaced. 


We don’t know what this solution looks like [other than it will, most certainly, be based on 
harmonics of one type or another]; but if we adhere to our associative principle under addition, 
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relative to o, then as o ---» 0, we should expect t ---» 0 as well, in the radial and time directions; 
that is to say, u =v = 1 or 4. Let’s assume this is so. 


The thorny issue of what happens to the inner block in q, as o ---» O [u = v = 2 or 3], can’t be known 
until we do get a solution on paper, but clearly t does not tend to zero here. A more reasonable 
guess is that t reverts to the default inner block [7’, r” sin? 6], but this is just a hunch, on my part. 


To solve for the first component on the right-hand side of (*) above; that is to say, 
CHY _ kT" zo- g%(0) : (+) 


we can do it directly, again interpreting the left side of (+) as ‘the remainder, after subtracting out 
tangible matter from the space-time fabric’. Our solution q, in this case, will now be of the form 
eae o), since it doesn’t depend on 9 or @; and here we can let the inner block in t be equal to the 
default, which is [7°, 7? sin” 6], in covariant form, using physical coordinates. 


Thus, t becomes a solution in the radial and time directions, and again, we expect that as o ---» 0, it 
will be the case that t ---» 0 also, according to our associative principle, when u = v = 1 or 4. 


We can also take our first solution g'’“(r, 0, Q, 6, 5), for the three quantumlike components, and let 
the parameter 6 ---» 0 here. The solution should then reduce to oo (8 60), since the strength of the 
singularity at the origin O, has now increased six-fold. By mapping 60 to o, we would, in theory, 
obtain a solution to (f); but the thorny issue of what happens to the inner block for our first solution 
g(r, 0, Q, o, ô), as the parameter ô ---» 0, remains. 


The total solution to (*) [p 499] is now of the form 
T = 2°") + g'"G, o) + 2°"G, 0, b, 6,8), 


where g'’’(r) is vintage Schwarzschild [o = 0], subject to a reconsideration of the time component 
in the interior case [pp 383-460]. And let us remember too, that when performing the addition, 
only terms in g™”(r, o) or g™”(r, 0, , o, 5) that actually contain the parameter o, or are uniquely 
different than the default inner block, are to be added to g"’’(r) in F above [we’re mixing covariant 
and contravariant forms here, but clearly when the work is actually done, we’ll have to settle on 
one or the other]. 


So if, for example, the inner block of g"’(r, o) was [r’, 7° sin? 0], in covariant form, it would be 
excluded from the addition, altogether. And if the inner block of aE Oe 0, d, o, 5) contained terms 
attached to o, like for example, the expression (1 + ©) - r°, in covariant form, when u = v = 2; only 
the piece o - r? would be included in the addition. In other words, terms that are uniquely different 
than the default inner block, as we said above. 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XV 


Let us bring back our form for the coupled field equations, with a dark energy singularity at the 
origin O, of our physical coordinate system, in an (r, 0, Q, t) layout ... 


cy _ kT" zo- g%(0) f i) 


If we decide to interpret the left-hand side of (+) as ‘the remainder, after subtracting out tangible 
matter from the space-time fabric’, then in the case where o = 0, the right-hand side above 
vanishes, and there is no such remainder at all. The coupling is broken, and (f) reduces to 


CuyY kT" ~ 0 i (*) 


so that the only internal source for the gravitational tensor is the perfect star [S*] itself, filled with 
tangible matter (typically, a perfect fluid). The corresponding internal solution to (*) is vintage 
Schwarzschild [interior / exterior], subject to a reconsideration of the time component, inside S* 
[pp 383-460]. 


On the other hand, if we add in a dark energy singularity at O, then (t) holds, and the right-hand 
side of (+) becomes the remainder, after subtracting out tangible matter from the space-time fabric. 
The coupling is restored, and the right-hand side of (+) thus becomes the only external source that 


has an influence on g™”. 


The corresponding external solution to (+) is t = g’’’(r, o) in the radial and time directions, where 
the inner block [?’, r? sin? 0], in covariant form in q, is the default. 


So the question, philosophically speaking, is whether or not the internal solution [Schwarzschild] is 
a subset of t, which can be extracted from t by letting o ---» 0, given our interpretation of (f). 


Remember, we have already dealt with the internal solution by setting o = 0, so that (7) can be seen 
as ‘that solution t which exists and is driven by the right-hand side of (f), after subtracting out 
tangible matter from the space-time fabric’. Such an external solution [t], should not contain the 
internal solution [Schwarzschild], on philosophical grounds alone, in my opinion ... 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XVI 


Let us bring back the covariant form for our equation shown below, with singularities at the origin 
O, and at (+6, 0). We’ll assume our two-dimensional perfect star [S*], is filled with both tangible 
matter (perfect fluid) and intangible matter (dark energy). 


Cuv — kTuv = olguv(0) + 2cosh(drcos(8))Jo(drsin(8)) gu,(dcos(8))] ($) 
What we want to do here, is design in more detail, a template that may be used to solve ({) above, 
so let’s begin by interpreting the left-hand side as ‘the remainder, after subtracting out tangible 
matter from the space-time fabric’. Thus, when calculating Tu,v in the comoving frame, we would 
simply diagonalize it with pressure p and density p, from the perfect star filled with tangible matter. 
Next, we’ll define r to be dr, so that our equation above may be written as ... 


Cuv — kTuv ~ olgu (0) + 2cosh(rcos(8))Jo(rsin(8))gu,v(Scos(8))], =) 


and we’ll begin by looking at the second component on the right-hand side, in the expression (*) 
above. 


Now from page 349, we know that 
20 - cosh(rcos(8))Jo(rsin(®)) = 20- X r” Py(cos(8)) /T(n+ 1),n=0, 2,4... 

where Py is a Legendre polynomial; so that for the second component, we may write 

Cuv — kTuy © {20-2 mP Py(cos(0)) /T(n+ 1)} guv(Scos(0)), P) 
where the sum is over all even n = 0, 2, 4, ... and so on. 
Now the first thing to notice about (t), is that the summation on the right-hand side separates the 
variables r and ©. Also notice that the term dcos(0), associated with guy, is actually a radial 
measure that does not depend on r [p 461 ff]. So in fact, the right-hand side of (f) is actually a 


complete separation of the variables r and 0. 


Thus, if I want a template T for gu,v, from which I can calculate the left-hand side of (+), I should 
write T in such a way that it reflects the right-hand side of (t). For example, I might write for T, 


È cn(u, v) r” Py(cos(0)), n=O, 1, 2, 3,... 
where the cn(u, v) are coefficients we are solving for, in each line of (+); that is to say, where it is 


the case that u = v = 1, 2, 3. Such a solution might be obtained by matching powers of r on both 
sides of (f), for example; but regardless, T is just one of many templates we might design for gu,v. 
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Now as to gu,v(dcos(8)) in (f), since the argument here is a radial measure, we would calculate 
gu,v(dcos(8)) by letting r = dcos(8) in V. Thus, (+) becomes, remembering that r = or ... 


Cuv — KTuv = {20-2 (dr)" Pa(cos(0)) / (n+ 1)} - {È calu, v) (Scos(@))" Pa(cos(@))}, (~) 

where the second summation above corresponds to gu,v(dcos(8)). 
Letting ò ---> 0, we see that because Po(cos(@)) is always 1, the first bracketed expression above is 
20, while the second bracketed expression above is co(u, v), which is equal to gu,(0). And so, (~) 
reduces to 

Cuv = kTuv = 20- gu,v(0) > 
which is what we would expect, when looking at (Ł) on the previous page. 
The template G, and shown below, 


È cn(u, v) (r)" Pa(cos(0)), n=0, 1, 2,3,... 


can now be used to calculate the /eft-hand side of (~), and perhaps by matching powers of r on both 
sides of (~), we may be able to solve (~) for u = v = 1, 2, 3. 


The solution t to (~) will be of the form gu,\(r, 8, o, Ò), subject to the condition that as © ---> 0, T 
will tend to zero also, in the radial and time components (u = v= 1 or 3). And as o ---> 0, t should 
tend to r° for u = v = 2; a requirement we can probably enforce through the template T. 


As to the first component on the right-hand side of (£), from the previous page, and shown below, 
the template TG for gu,v is much simpler because there is no dependency on 9. And here we can let 
T be some generic function of gu,(r), when u = v = 1 or 3. For the inner block (u = v = 2), we let 
gu, (r) be equal to r?°, which is the default. 


Cuv — kTuv ~ o: gu(0) ^ 
The solution qt to (^) will be of the form gu,v(r, ©), subject to the condition that as o ---> 0, t will 
tend to zero also, in the radial and time components (u = v = 1 or 3). And as we said above, gu,.(r) 
is equal to r° in q, by default, if u = v = 2. 
The total solution to (£) [p 502] is now of the form 
T = Suv(t) + Sur, 0) + gulr, O, 6, 8), 
where gu,v(r) is vintage Schwarzschild [o = 0], subject to a reconsideration of the time component 


in the interior case [pp 383-460]. We only add to the inner block if the entry here is uniquely 
different than r°. This will apply to gu,.(r, 0, o, 5), but not gu,v(r, 6) in F above. 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XVII 


Scaling up to three dimensions, from our work in Part XVI, presents no great theoretical difficulty. 
Now recall that in a physical coordinate system [labelling as (*)], the coupled field equations are ... 


GY = ofg™(0) + 2cosh(Srcos(a))Jo(Srsin(a))g"’’(Scos(a)) + 
2cosh(Srsin(B))Jo(Srcos(B))g"’’(Ssin(B)) + 
2cosh(Srcos(6))Jo(Srsin(8))g"’’ (Scos(8))] . 


And here, cos(a) = sin(®)cos() and sin(B) = sin(9)sin(o), and the physical singularities associated 
with the underlying dark energy density function A(s) = © / s, are at the origin O, and at 


S = {(+6, 0, 0), (0, +8, 0), (0, 0, +5)} . 


As well, GY = CY — kT’, where C™Y, T™Y are the Einstein curvature and relativistic stress 
tensors, respectively; and C™ = R"” - Rg", where R"” is the Ricci tensor and R the Ricci scalar. 


Using the same approach, as in the previous research note, we find for the quantumlike components 
in (*), that 


Cuv — kTuy © {20 È (6r)" Pa(@)/T(nt 1)} - {È cn(u, v) (6@)" Palo}, (~) 


where œ is one of cos(a), sin(B) or cos(8); and gu,y(6@) is the second bracketed expression on the 
right-hand side of (~) above. The template T for gu,v is (where r = òr) 


È cnlu, v) r Pa(@), n=0,1,2,3,... 
and as 6 ---> 0, we see that (~) becomes 
Cuv = kTuv z 2o- gu,v(0) : 


Thus, co(u, v) is equal to gu,(0), no matter the choice of œ, but in general, the coefficients cn(u, v) 
will depend on the choice of o. 


The solution t to (~) for each component will be of the form gu,(r, 8, Ẹ, o, 5), subject to the 
condition that as o ---» 0, t will tend to zero also, in the radial and time directions (u = v = 1 or 4). 
And as o ---> 0, t should tend to [r?, 7? sin? 6] for u = v = 2 or 3; again, a requirement we can 
probably enforce through the template G. We’ll label these solutions Teos(a) , Tsing) and Teos(0) , 
respectively, for the guantumlike components. 


And notice again, as in previous notes, that the solution for the second component [œ = sin(B)] is 
probably just a 90 degree rotation of the solution for the first component [œ = cos(a)], in the x-y 
plane; and similarly for the third component [œ = cos(®)], where the first component is rotated by 
90 degrees in the x-z plane. The third component does not depend on 9, now. 
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As to the first component on the right-hand side of (*), from the previous page, and shown below, 
the template T for gu,v is much simpler because there is no dependency on 0 or @. And here we can 
let G be some generic function of gu,(r), when u = v = 1 or 4. For the inner block (u = v = 2 or 3), 
we let gu,(r) be equal to [7’, rsin? 6], which is the default. 


Cuv — kTuv ~ o: gu(0) ^ 
The solution qt to (^) will be of the form gu,v(r, ©), subject to the condition that as o ---> 0, t will 
tend to zero also, in the radial and time directions (u = v = 1 or 4). And as we said above, gu,.(r) is 
equal to [7’, r” sin? 6] in q, by default, if u = v = 2 or 3. 
The total solution to (*) [p 504] is now of the form 
T = gut) + Zuvlt, 6) + Teosta) + Tsing) + Teos() 
where gu,x(r) is vintage Schwarzschild [o = 0], subject to a reconsideration of the time component 


in the interior case [pp 383-460]. We only add to the inner block if the entry here is uniquely 
different than [r’, r” sin? 0]. This will apply to Tcos(a), Tsing) ANA Teos(@), but not gu,(r, 6) in F above. 
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Physical Coordinate System 
And let us recall [pp 365-8], that our quantumlike dark energy components satisfy Laplace, so that 
in a physical coordinate system, for example, it is the case that 
P2(sin(®)cos(o)) = —1/2 + P2°(cos@) + 1/4 - P? (cos0)cos(2¢) , 


and that 
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P3(sin(®)cos()) = 1/4 - P3'(cos@)cos($) — 1/24 - P33(cos0)cos(3¢) . 


Such decompositions will exist in general, so that we shouldn’t be surprised if solutions to (~), and 
shown below, 


Cuv — kTuy = {20- (Sr)? Pa(o) /Tint 1)} - {È cnu, v) (S@)"Pa(o)} (~) 


ultimately involve spherical harmonics, just as we see at the atomic level; where œ is one of cos(a), 
sin(B) or cos(8), and cos(a) = sin(8)cos(o) and sin(B) = sin(®)sin(), using physical coordinates. 


And again, the template T for gu,v is, in this case (where r = dr) 


È cn(u, v) Pa(@), n=0,1,2,3,... 


In the picture above, we see some spherical harmonics, often referred to as orbitals. The center 
column corresponds to Legendre polynomials with no superscript. or equivalently, a superscript of 
zero. Away from the center column, are the associated Legendre polynomials, where the super- 
script is non-zero. 
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OTHER CONSIDERATIONS 
For the two-dimensional star, let us bring back our expression for gu,(dcos(8)), which is ... 
{È cn(u, v) (Scos(8))" Pa(cos(®))}, =) 
where n = 0, 1, 2, 3, ... in this summation. 


If we let 6 ---» 0, then (*) reduces to co(u, v), as we said in previous notes. On the other hand, if we 
let O ---> m / 2 with ò > 0, then (*) again reduces to co(u, v), if we define 0° to be 1. In both cases, 
this value is gu,v(0). 


Thus, relative to gu,,(0), approaching the origin along the line és, where 0 = 2/2, with singularities 
at (+6, 0); is no different than approaching the origin along any radial line, where the singularities 
have now been relocated to O, and thus have no influence on gu,x(0) at all [relative to 0]. 


In turn, this must mean that in the first case, where 8 = n / 2, the singularities at (+6, 0) have all but 
lost their influence on gu,(0), along ĉe, which is consistent with our Singularity Invariance 
Postulate [p 461 ff.]. 


And so, this can only bolster our view that the template TG for gu,y, and shown below (where r = dr), 
È cn(u, v) r” Pa(cos(@)) n=0, 1, 2, 3, ... 


is probably a reasonable choice for our coupled field equations below, when calculating the left- 
hand side; in the case of the guantumlike dark energy components ... 


Cuv — kTuy © {20-2 rP Py(cos(0)) /T(n+ 1)} guv(Scos(0)). P) 


KK KKK 


The argument above, while interesting, might only be valid if co(u, v) was a constant. In reality, 
though, for the quantumlike dark energy components, cn(u, v) ought to be a function of (8, ©, 5) for 
all n > 0, since here we are solving for these coefficients by matching powers of r on both sides of 


C). 


Thus, letting ò ---> O in co(u, v), may not give us the same result we would obtain by letting the 
angle 0 ---> m / 2 in co(u, v), and indeed, the series expansion for gu,(òcos(0)) above is really only 
valid for 6 > 0 anyway, as is the template T. 


Similar remarks apply in three dimensions, where here, we expect cn(u, v) to be a function of the 
variables (0, o, o, 5) for all n > 0, for the quantumlike dark energy components. 


KK 2K 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XVIII 


More and more, I am coming around to the idea that when dealing with dark energy, and the 
coupled field equations, the tangible stress tensor T™” is irrelevant. For if we revisit Part XV on 
page 501, and look again at the equation below; namely 


cnr & g- 80). 
which has a dark energy singularity at the origin O, what is this equation really saying ? 


From page 501 ... ‘it is that solution t which exists and is driven by the right-hand side of (f), after 
subtracting out tangible matter from the space-time fabric’. Well, this means a few things; firstly, 
that tangible matter plays no role in the external solution, since the only external source that can 
influence the gravitational tensor g™” is the right-hand side of (+), itself. Only when the coupling is 
broken by letting o = 0, do we have an internal source that can influence g™”, and that source is the 
perfect star itself, filled with tangible matter (typically a perfect fluid). Hence the need for a 
tangible stress tensor T™”, and thus the proportionality constant k as well, in this case (it’s a kind of 
loopback condition where curvature and stress balance one another, up to some constant k). 


Now I restore the coupling, and look for an external solution to (f), realizing that the internal 
solution (o = 0) has already been dealt with. Why, in searching for this solution, would I even care 
about tangible matter, since by definition, it is to be removed from the space-time fabric, anyway ? 


Wouldn’t it be better to write (+) as 
cs oe), © 


if o is no longer zero ? We’ve certainly removed tangible matter from the space-time fabric, but 
we’ve done this now by eliminating the tangible stress tensor T™”, altogether ! 


And if we suppose that intangible matter (dark energy) does not have an associated intangible 
stress tensor, then (*) would indeed be the right formation [intangible stress tensors have their own 
set of problems, such as how to diagonalize them in the comoving frame, and what the 
proportionality constant k might actually be, in this case — problems that are only amplified when 
dealing with the guantumlike dark energy components]. 


So while we can leave (f) as is, we can also start to think about (*) as perhaps a better alternative 
for the dark energy components, in the coupled case. 
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Revisiting Our Form For The Field Equations of General Relativity When Ms) ~ o/s, 
Part XIX 


Imagine an empty space-time fabric S, as shown in the diagram below, with a circle C of radius r, 
say, centered at O. 


Now suppose there is a dark energy singularity at O, so that dark energy [€] itself, pours into S via 
O, according to the underlying dark energy density function A(s) ~ o/s [blue arrows]. This 
should cause the circle C to expand out to D, say, so that the angle 0 that was subtended by the arc 
AB on circle C, is now subtended by a larger arc on circle D. 


Bringing back our coupled equation for this two-dimensional setup, which is 
cuy = kT" zo- g%(0) : (+) 


we may now ask, when contemplating a solution t to (+), whether we should or shouldn’t let the 
inner block in t default to r?, in covariant form. Up until now we have, but because the original 
circle C has now expanded, perhaps we should include the inner block [u = v = 2] in our calcu- 
lations, when solving (+) [see also the notes on pages 395-6]. 


And similarly for the three-dimensional setup, where the default inner block is [r’, 7° sin? 0] in 
covariant form, using physical coordinates [u = v = 2 or 3]; but see also pages 497-8 for more on 
this subject. 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XX 


Let us bring back our equation from the last page, and write it as ... 
C™ = KT™ + 6-240). (Ff) 


In this form, we see there are two sources that can influence the space-time fabric [S], by way of 
the gravitational tensor g"’’. Here, S is to be associated with the Einstein curvature tensor C™. 


The first source is kT'’’, where the tangible stress tensor T™” is to be associated with the perfect 
star [S*]. The second source is o - g'’’(0), which is associated with dark energy [an intangible 
form of matter], where the dark energy singularity is located at the origin O. 


I now want to solve (f), realizing that these two sources are very distinct from one another. But I 
also know the curvature tensor C™” doesn’t care at all which source I am dealing with, since it is a 
purely mathematical object. How then shall I proceed ? 


In looking at (7), we'll rule out the possibility of an intangible stress tensor, since in (+) it doesn’t 
appear at all. So I decide to break the coupling, by setting o = 0, and solve what’s left of the 
equation above; which gives us vintage Schwarzschild [interior / exterior], subject to a reconsidera- 
tion of the interior time component [pp 383-460]. We’ll call this solution g"’’., where M means 
‘tangible matter’. 


I now restore the coupling, by setting o to some non-zero value, and want a solution to (f) in the 
intangible space, realizing again that C"’’ doesn’t care which space I am operating in. So all I have 
to worry about is the right-hand side of (+); and knowing now that there is no such thing as an 
intangible stress tensor, reason to myself that the tangible stress tensor T™” must go, if I am to 
operate in the intangible space. I therefore set k to zero, and solve what’s left of (t). We’ll call this 
solution g"’’s , where € means ‘intangible matter’. 


Adding the two solutions together gives us a total solution J, where we only add to the inner block 
if the entry here is uniquely different than the default [r’, r? sin? 0], in three dimensions, using a 
physical coordinate system. The process can be extended to include all quantumlike dark energy 
components, in the intangible space, and this is how I think we should approach the broader 
problem of solving the coupled field equations, in general, like those shown at the top of page 504. 


In short, I don’t believe in the intangible space, a stress tensor of any kind plays a role in solving 
the coupled field equations, for the dark energy components, but do believe the curvature tensor 
C"’ is impartial to the space we are working in. 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XXI 


Let us bring back our equivalency from page 470 and rewrite it, where there are singularities at the 
origin O and at (+ò, 0), for the two-dimensional star, in the coupled case. Here, a = cos(0) and € = 
sin(0). 


Then (1) is ... 
ax J {cosynlg" Ga + iy) — ga —iy)] + 
õe isin(yr) [g (Sa + iy) + g'’(Sa—iy)]} dy / Yy? - (6e)2 
and (2) is ... 


GY = of[g™ (0) + 2cosh(Sra)Jo(Sre)g"” (Sa)] . 
Recalling our equivalency, for this case ... 
(1) = g™” (8a) - Jo(Sre) if and only if (2) is true, (~) 


we see that as 6 ---> 0, (1) becomes 


(oe) 


xf {cos(y)ig> Gy) — g>“ Ciy)] + isin(yr) [g> Gy) + g™ Giy} dy/y  ... 4) 
(0) 


which is always equal to g™*(0), provided g™* is well-behaved in the complex plane, real-valued 
on the x-axis, and we can secure convergence along our contour y [p 467]. Indeed, we showed it to 
be true when g™”(s) = C(B — s), where B > 1 [pp 330-2]. 


Thus, from our equivalency (~) above, it must also be true that 
Gr’ = 30-20), 
since a is now 0 in (*), as is e. And, of course, this agrees with our original calculations on pages 


197-9, using the dark energy contour integral for a singularity at O. Thus, we have a confirmation 
of our harmonic expression (1) in this case, as well as our equivalency (~), when 6 > 0, say. 


As to the template TG for gu,v, and shown below (where r = dr), we might want to sum only over all 
even values of n 2 0, since Legendre polynomials are even if n is even, but odd if n is odd. 


È cn(u, v) r° Pa(cos(@)) n=0, 2,4, ... 
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This will allow us to better align with the quantumlike dark energy components, which are always 
even functions, as shown below ... 


20 - cosh(rcos(0))Jo(rsin(®)) = 20- È r” Py(cos(@)) /T(n+ 1),n=0, 2,4... 
And in doing so, this will preserve the symmetrical properties of the gravitational tensor g'”” itself, 
over a circle or a sphere, when searching for solutions to the coupled equations, such as those 
shown below [p 502 ff] ... 
Cuv — kTuv © {20- (Sr)" Pa(cos(0)) /T(n + 1)} - {È en(u, v) (Scos(9))" Pa(cos(0))}. (~) 
Here, the second summation above corresponds to gu,,(dcos(9)); and let us recall too, from the last 


research note [p 510], that we ought to set k = 0, when working in the intangible space (dark 
energy), and we would set o = 0 when working in the tangible space. 


—1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00 


The picture above shows some Legendre polynomials, and you can see from the diagram, which 
are even functions (n = 0, 2, 4) and which are odd (n = 1, 3, 5)... 
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Revisiting Our Form For The Field Equations of General Relativity When A(s) ~ o/s, 
Part XXII 


Let us bring back our form for the coupled field equations, in two dimensions, with singularities at 
the origin O and at (+1, 0). Here, we are looking only at the quantumlike component, and both 
sums below are to be taken over all even integers (n = 0, 2, 4, ...). 


Cuv — kTuy © {20-2 @) Pa(cos(0)) /T(n+ 1)} - {È en(u, v) (cos(0))" Pa(cos(6))} . (~) 


Now since we are working in the intangible space (dark energy), we’ll set k = 0, and using our 
template T below, for guy, 


È cn(u, v) r” Pa(cos(8)) n=0, 2,4, ... 
we'll define (hypothetically), for all even n = 0 and y any real number ... 
cn(u, v) = 2oy/T(n+ 1). 


Defining the first term in curly braces, on the right-hand side of (~) to be €(r, 8), we see that the 
second term in curly braces, on the right-hand side of (~) is 


2oy - È (cos(9))" Pa(cos(0)) / r + 1), 
and that T = y - &(r, 0). 
Thus, from (~) we have 
Cuv (y - (r, 0)) = 20y: E(r, 0) -È (cos(0))? Pa(cos(0®)) / T +1), C) 
and letting y ---> 0, we see that the curvature tensor in (7) is to be evaluated against a function 


which is everywhere zero, so that Cu,» = 0. As well, the right-hand of (f) is also zero as y ---> 0, 
and so, we have a confirmation of (~) and T in this rather hypothetical case. 
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Some notes, which may be useful, and served as a precursor 
to the essay — a work in progress ... 
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Time, Space, The Spiritual and The Physical 


Because ~[time] and ~[space] are attributes of the Godhead G, and thus the set of laws T in the 
spiritual world, no law dependent on (s, t) makes much sense here, since ~[s, t] belongs to T. It’s 
rather like trying to describe the north pole, where your language of choice does not contain the 
words 'north' or 'pole'. Here, ~ is the logical ‘not’ and G is made from a form of exotic anti-matter 
that is unfamiliar to us. We know nothing about it. 


What is time ? What is space ? They are equivalent to one another, perhaps symmetrically so, and 
thus manifestations of the same thing. What about theorems like GR (General Relativity) or SR 
(Special Relativity) that relate the two ? Losing one component means losing the other, and 
conversely, if one component emerges, so does the other. Rather like a reflection of yourself in the 
mirror — it vanishes if you vanish or the mirror vanishes. In the anti-matter world, where the 
spiritual laws live and operate, there can be no time or space, so (s, t) as a pair only emerges in the 
matter world, for our benefit [in the case of a neutron star collapsing to a black hole, say, we may 
lose the time component altogether, as per the a-y equations developed on pages 383-460]. 


Remember, according to James T's NDE, the laws are antimatter !! In our reality, then, should we 
be looking for a mirror to GR in the anti-matter world, and if so, what is it ? Does it come about 
through analytic continuation, or a Laplace transform, for example ? Is there an all-encompassing 
theory of GR that takes account of both (GR, matter) && (GR, anti-matter) ? Is this what I saw the 
hooded monks talking about in the first dream or OBE, where they mentioned using the Laplace 
transform, on what looked like an extension to the GR equations ? 


In the second OBE, I saw more in the book of laws, maybe around page 500, but the monk told me 
these were ‘tensor skeins’ embedded in what appeared to be braided equations, written in a type of 
hieroglyphics. GR in the physical world certainly has a spiritual counterpart, so one could argue 


(GR, anti-matter, ~s, ~t) <~ some transform ~> (GR, matter, s, t) 


Thus, there must be a mechanism which takes you from one world to the other and back. Perhaps 
this is what the Laplace transform does, or maybe it's more complex than that. Also, the FTOC 
(Fundamental Theorem Of Creation) is probably anti-matter, since the laws are, inherently so. 


How To Interpret The g-Matrix 


Here are some thoughts I had on the g-matrix, long ago. Imagine a sphere, say M = S(2), 
embedded in E3, with a tangent plane T at a point p on M. At this point there are no coordinate 
systems [charts], no policies in place for moving between these charts, and so on. So any vector V 
in T could be attached to any policy P, once T was endowed with any number of charts. 


Thus if A and B are two distinct policies for moving between charts, V can belong to either A or B, 
so long as the existence of these policies can be justified. And so, we can view T in the A frame of 
reference or the B frame of reference, once we decide to choose. 
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The contravariant [A] and covariant [B] frames are two such policies, and both exist in T quite 
naturally. The first, by simply studying run-of-the-mill vectors and the second, by studying the 
gradient of any scalar field on M. Each transforms differently between charts, for any vector V in 
T, and you could probably use or find other policies as well, but these two are solid. 


So suppose V is a vector in T following policy A. Since any vector in T can belong to either 
policy, there must exist an operator g which takes V in the A frame to W in the B frame. 
Effectively, I am saying I can choose to view V in the A or the B frame by way of g. And g can't 
be the identity, for if so, then V is itself in either frame; which means that if V ---» V' is a move 
between charts in A, say, then V ---> V' is the same move between charts in B. Thus, the 
contravariant and covariant rules become one and the same thing, so-to-speak, which means the 
two spaces are really one and the same thing. 


So g is a viable operator, and is responsible for moving between the contravariant and covariant 
frames of reference on T, and it does this smoothly and everywhere for any p in M. This is also the 
g-matrix found in relativity. 


Now let V be a contravariant vector in T, and operate on it via g so we are in the covariant space, 
i.e. guv * V“. This gives us the dual to V in the covariant frame; a vector, to be sure, but different 
than V. And we'll label it Vy. Now dot this with V” , and lo and behold, you have a scalar, which 
is the same value regardless of which chart you choose, or which frame you are in !! 


That is to say, the scalar gu,» - V“ V” is invariant, and this is the beginnings of relativity theory, 
since this scalar is simply the measure of distance when looking at differentials. But remember, we 
got here by operating on a vector V in the contravariant space via g, to produce a vector in the 
covariant space, and then dotted this second vector with the first, to get our scalar. Without the 
dual contravariant and covariant spaces, you couldn't do this. 


‘for every contravariant vector there exists a covariant vector and conversely' 
Now that we have an invertible g-matrix that takes us between these two spaces on T, a meaningful 


curvature tensor can be established which behaves like a tensor. That is, it follows contravariant or 
covariant rules. And that tensor is, as per our previous research notes ... 


cuy = RUY = AR gi’ 


Now marry this up with a stress tensor T™” and try to solve for the g-matrix, so that you can 
measure the distance between points on the manifold, that is to say ... 


ds? = guy dx" dx” 
And so, a theory is born, which we call general relativity; but in reality, it begins and ends with the 


policies we put in place for managing vectors in the contravariant and covariant spaces, as we noted 
above. 
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An Interesting Property Concerning Unit Spheres 


If I embed a unit circle S(1) in E2, the ratio of volume to surface area is 1/22, which is 1/2. 
Similarly, if I embed a unit 2-sphere in E3, the ratio of volume to surface area is (47 / 3) / 4n, which 
is 1/3. 


For a 3-sphere embedded in E4, the Riemann metric is 
ds? = dr? + r'd6* + r’sin?(0)do” + r’sin?(0)sin2()dw? 


where 8 ranges between 0 and a, and 9, y range between 0 and 2m. And realizing that these four 
dimensions are independent, it can be shown that the volume to surface area for a unit 3-sphere 
embedded in E4, is actually 1/4. 


So if this trend were to continue, the ratio of volume to surface area for a unit n-sphere embedded 
in E(n + 1) would be 1 /(n + 1). In other words, as n ---> œ, the volume is insignificant compared 
to the surface area that contains it. 


On The Existence and Uniqueness of The Field Equations of GR 


Everything in GR begins and ends with the g-matrix, which is the mechanism by which distance 
between two points is measured. For g to be consistent, it must be unique relative to the embedding 
and its covariant derivative must always be zero. 


And, indeed, this is the case for the embedding of a manifold M in Euclidean space, where the 
metric is Riemannian. By covariant derivative being 0, we really mean the covariant divergence 
for any of the g basis vectors (i.e. column or row vectors) computes to 0. 


If cov(g) wasn't zero, it would be the equivalent of saying 'the ruler itself is changing as I try to 
measure the distance between two points, using infinitesimals'. Covariance, then, is a measure of 
consistency, when set to 0. 


So think of g as a matrix of ‘4 rulers’, the column vectors say, all of which contribute to the overall 
norm of a vector, say dx’, which we call ds*. The covariant divergence of each of these 'rulers' is 
0. We want the same thing, ultimately, for curvature and stress tensors, if we are to have a 
consistent model of GR. 


Ironically, the Riemann Curvature Tensor existed long before the Einstein Stress Tensor, and from 
it, of course the Einstein-Ricci Curvature Tensor C, which is covariant. So if you think of C as a 
basis of column vectors, the covariant divergence of each vector is 0. That is to say, the basis of 
vectors for C is neither 'expanding' nor 'shrinking' as curvature measurements are being made, at 
any point in M, in the infinitesimal sense. The basis itself is an invariant, just like it is for g. 
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I can now define a new 'norm' using Cy,y instead of gu,v. It is to curvature what g is to distance, and 
it should be an invariant. To wit, 


de? = Cuy dx" dx” 
Musings On The Law of Conservation of Sectional Volumes 


If Cu,v is the Einstein curvature tensor, we can, notationally, employ it however we wish. So we'll 
consider AC(u,v)/Ax, in the direction of x, across the cube’s infinitesimal interface perpendicular to 
x. In actuality, this is really the partial derivative + connection terms at this point; that is to say, 


OC(u,v)/Ox+T (7) 


for some element of the row vector [C(1, 1), C(1, 2), ...]. In other words, the covariant derivative, 
which we’ ll abbreviate as cov, on occasion. 


Now in differential notation, if we multiply (+) through by the volume of the cube AxAyAzAt, and 
we're operating on C(1,1), say; we would get the following, where T is the connection coefficient 


for this element C(1,1), and 0C(1,1) is the partial differential in the direction of x: 


OC(1,I)AyAzAt + TAxAyAzAt = {AC(1,1) + TAx}AyAzAt (*) 


So the covariant differential AC(1,1) is the expression in curly braces above, and since we can 
rewrite OC(1,1) as [OC(1,1)/0x]Ax, the right-hand side of (*) then becomes 


{faC(1,1)/axJAx + PAx}AyAzAr 


II 


(aC, L)/ax] + T}AxAyAzAr 


{[AC(1,1)/Ox] + T} * Veube 


= AC(1,1)/Ax * Veube 


cov{C(1,1)} * Vcube 


You can repeat this exercise for C(1, 2), C(1,3) and C(1,4), so that for this vector, the the total net 
change is going to be [see also pp 178-80]: 


[AC(1,1)/Ax + AC(1,2)/Ay + AC(1,3)/Az + AC(1,4)/At] * Vcube = 0, 
because of the Bianchi identities. That is to say, if we interpret the pieces in the bracketed 


expression above as sectional volumes, when multiplied by Vcube, then as a whole, they are 
conserved, because from Bianchi, (where Vu means covariant derivative), it is the case that 


Vic == 0 : 
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Thus, AC(1,1)AyAzAt is the sectional volume loss/gain along the (1, 1) direction, and similarly for 
the other components. Note that if there is no connection term, then AC(1,1) is actually 
[OC(1,1)/0x]Ax, which is what you'd expect. The differential of C(1,1), in the direction of x, is 
simply the partial derivative in x, multiplied by Ax. 


The sectional volume loss/gain, if T = 0, computes to [OC(1,1)/0x]AxAyAzAt, so if there is no 'bend' 
to the interface perpendicular to x, then this expression is zero, provided there is no shearing [i.e. 
the cube becomes a rhombus, say]. But whether there is or isn’t any shearing, the following will 
always be true, in the inertial frame, meaning, in the absence of gravity ... 

[0C(1,1)/0x + 0C(1,2)/dy + 0C(1,3)/dz + OC(1,4)/ət] * Veube = 0 


Calculating The Invariant Curvature Over a 2-Sphere of Radius r 


From our curvature norm on page 518, and reproduced below, using physical coordinates, 
de? = Cuv dx” dx”, (f) 


it is the case that from the literature, R9,90 = 1, Rọ,ọ = sin?(0), and that the Ricci scalar is 2 / 7?. Thus, 
the Einstein curvature tensor, which is covariant; namely, 


Cu,v = Ruv — YR guy 


computes to zero for u = v = 4 or ọỌ, since here go = 7° and go = 7? sin?(0). And so, if over the 
sphere we were to integrate the square root of our norm in (f), for u = v = 8 or ọ, where 0 <0 < n 
and 0 < ọ < 2r, we’d obtain a value of zero for the invariant curvature. That is, for our sphere [S], 


2m TT 


i 
SÍ Lcos - Coo] abao = 0. 
oo 


So invariant curvature over S is to de? what invariant area over S is to ds?, where the latter is our 
distance metric 


ds? = guv dx? dx’. 
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On The Nature of Tangible and Intangible Vacuums 
Let us bring back our equation from page 510, which is ... 
C™ = KT™ + 6-2"). (FH) 


In this form, we see there are two sources that can influence the space-time fabric [S], by way of 
the gravitational tensor g"’’. Here, S is to be associated with the Einstein curvature tensor C™. 


The first source is kT'’’, where the tangible stress tensor T™” is to be associated with the perfect 
star [S*]. The second source is o - g'’(0), which is associated with dark energy [an intangible 
form of matter], where the dark energy singularity is located at the origin O. 


Now suppose we let o = 0, so we are in the tangible space, and our equation (fT) becomes 
cu” ~ kT" 


Setting k = 0, we reach a vacuum state induced by the tangible space, which we’ll call Vm, where 
M means ‘tangible matter’. And here the metric becomes 


Cd? = -cd? + dr +r (d& + sin’?@ dd’), Œ) 
so that even in Vm , the notion of space and time exists. 
Now let’s repeat the exercise, by first setting k = 0, so that (+) becomes 
CY sos"), () 


and by letting o = 0, we again reach a vacuum state induced by the intangible space, which we’ll 
call Vz , where € means ‘intangible matter’. 


Now from our associative principle under addition, relative to o in the intangible space [p 491], we 
believe the solution g'’’(r, o) to (*) must be zero in the radial and time components, as © ---) 0; so 
that in Vz , the notion of space and time does not exist at all. 


But if this is so, then the metric (£) cannot be correct for Vz , for without the constructs of space 
and time, the right-hand side of (t) vanishes altogether ! And if this is true, then it means that 
when forming solutions to (*), the inner block [8, @ components] must also vanish as o ---» 0. And 
this is now a departure from our earlier view [p 479 ff.], where we discussed the idea of preserving 
the inner block in Vz . In hindsight, we may not be able to do this ... 


So when solving (*) for the dark energy singularity at O, or when solving for the guantumlike dark 
energy components, it might be best to use a template T for g"’’, which incorporates a vanishing 
inner block in the intangible space, as o ---» 0. 
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Calculating The Invariant Curvature Over a 2-Sphere of Radius r For a Tangible Source 
For a tangible source, which we’ll assume to be a perfect star [S*], the field equations are 
Cu,v ~ kTu,v ; (T) 


and here, To = pr? and To,» = pr’ sin’(®), where p is pressure in S*. The pressure p is some fixed 
value at a radius r < rg , where rg is the radius of S*. Notice that like the curvature tensor Cu,v, the 
stress tensor Ty,y is also fully covariant. 


Thus, when calculating the invariant curvature € over the 2-sphere for r < rg; namely 
de? = Cuv dx" dx’, 
we can simply use the Ty,» equivalents ifr < rg, and this leads to a value of 


2m Tt 


Vi 
kJ J [To,0 ; Too] * dodo = Akar’p 
oo 


Note that if r > rg, then we can’t calculate € using this method, because (+) only holds true inside 
S*. On the other hand, if p = 0 or k = 0, then € is zero, from the expression just above; and this 
agrees with our calculation on page 519, as it should, since in both cases, we are now in a tangible 
vacuum Vm. 


Notice too, that in the intangible vacuum Vz, there is no such thing as space or time [p 520], so that 
calculating the invariant curvature over a 2-sphere in Vš makes no sense. Said another way, the 
associative principle under addition, relative to o in the intangible space, applies to all components 
of the g-matrix here. Again, see the previous research note for more on this interesting idea. 


KK KKK 


Is there an ideal pressure p(r), for all r between 0 and rg, such that C is equal to the Ricci curvature 
scalar R for the 2-sphere, which is 2/r? ? There is, for if we set € = R, this ideal pressure computes 
to 


p(t) = 1/2kar*, 
and may have some physical significance. 


A small note was added to the bottom of page 504 in this update, as it was never mentioned 
explicitly in any of the previous releases. The third component mentioned there could also be 
derived by a 90 degree rotation of the second component [œ = sin(f)] in the y-z plane. 
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Some More On Solving The Equation C™ = o- g™(0) When A(s) ~ o/s 


Let us bring back this equation, in the intangible space, where we have a dark energy singularity at 
the origin O ... 


Cuv ~ 0: gu,v(0) 3 AC) 


Recalling one of our results from the associative principle under addition, relative to o in the 
intangible space [p 482], where gu,v(r, ©) is the solution to (*); that is to say 


28u v(t, 0) = guv(t, 20) , 

we can extend the result, just above, to any real number y by writing 
Ygu vt, ©) = guv, yo). (F) 
Now let o = 1, so that we are solving (*) in this normalized case, where our template in the radial 
and time directions is simply gu,v(r), when u = v = 1 or 4. And for the inner block, we'll choose the 
default this time, namely [7?, 7’ sin*(0)], for u = v = 2 or 3, using physical coordinates. 
Thus, our normalized solution [o = 1] to (*), is going to be 
[enr() r”, Psi’) , -g 0], G) 

and in this case, (t) becomes 

Sur, Y) = yguv(t, 1). 
Now let y = o for any choice of o, and we see that 

gu v(t, 0) = ogur(t, 1), 


so that the solution to (*), for any arbitrary choice of ©, is equal to o times the normalized solution 
(t). That is to say, 


gu vC, o) = 0: [ grr) > r, r’ sin?’ (0) > — 81,1 (r) ] . (~) 


Thus, when solving the coupled equations in the intangible space, for a dark energy singularity at 
O, or for the quantumlike components [see, for example, p 502 ff], we might want to first find 
normalized solutions and then the more general solution, according to the methodology in this note. 


The result (~) above, applies in both cases, and notice too in (~) that as o ---» 0, gu,v(t, ©) ---» O for 
all elements of the g-matrix — in line with our conclusions on page 520. That is to say, the 
intangible vacuum Vz has nothing in it, or said another way, Vz = { Ø }, the empty set. 
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From this, we see that the inner block needn’t be included in the calculations [p 509], for while it is 
true that a sphere of radius r will expand or even contract in the presence of a dark energy 
singularity at O, this is now actually handled by the methodology above. Thus, for the normalized 
solution, it is acceptable to choose the default inner block [r° , r° sin?(0)] when solving (*) above, 
and then employ (~) to obtain the more general solution. And so, the remarks on page 509 are to be 
superseded by the comments here. 


For the quantumlike components, the remarks on pages 497-8 still hold, in my opinion, where it is 
recommended that we do include the inner block in our calculations for the normalized solution, as 
opposed to using the default, which again, is [77 , 7° sin?™(0)]. The general solution will then be 
patterned after (~) on the previous page. 


Finally, it should be mentioned that if we are observing space-time events in a vacuum, then 
necessarily this is the tangible vacuum Vm. For no such events can occur in the intangible vacuum 
Vz, as we now know. 


Suppose now, we have a perfect star [S*] centered at O, where the solution in the tangible space is 
derived from the field equations 


Cuv ~ kTuv z 


The solution below is going to be vintage Schwarzschild, subject to a reconsideration of the time 
component, for the interior case [pp 383-460], 


[ grr) > r, r° sin’(6) > —gr, (r) ] (§) 


and a total solution, which incorporates the dark energy singularity at O, can now be produced by 
adding (~) to (§). And recall again, that o in the expression (~) on the previous page, is likely to be 
an extremely small constant — perhaps on the order of the cosmological constant. 


Thus, our perception of the space-time fabric, via the gravitaional tensor, is influenced by two 
sources — S* in the tangible space, and the dark energy singularity at O, in the intangible space. 


And similarly for the dark energy quantumlike components, and their associated dark energy singu- 
larities, in the intangible space. It is these components, in particular, that are responsible for the 
expansion and contraction of the universe, as we have said in previous research notes [e.g. pages 
491-2, 496]; but we actually perceive this event in the space-time fabric, by way of sources 
[singularities] in the intangible space. 
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Some More On The Underlying Dark Energy Density Function Ms) ~ o/s 


The underlying dark energy density function [A(s)] is associated with the dark energy singularities, 
through which dark energy itself, is pouring into our universe, as per the pictures below [p 282]. 


500000 


eee | | | 


0000 | | | | 


our perception of dark energy, obtained 


dark energy tunnelling into our reality 
from A(s), via the Laplace inverse transform 


via the singularities associated with à(s) 


Now dark energy, for a singularity at O, is the Laplace inverse of A(s) ~ o/s", for u > 0, and 


computes to 
ofl /rW} rt., œ) 


where r is our radius and I (p) is the gamma function; and you can see from (*) that when u = 1, (*) 
equates to o. And from our dark energy contour integral, in the intangible space, 


CY = rfe A(s)g™” ds 


tf 
we arrive at the coupled field equations, in this case, for the dark energy singularity at O; that is to 


say 
Cu,v ~ O°: gu,v(0) š 


Now the Laplacian in physical coordinates, is the expression below [labelling as (+)], and clearly 


(+) is satisfied by (*) if y = 1. 


ð ( a) 1 ð ( f =) 1 Of 
— | r“ — - — | sinĝ— | + ————— F 
ð r? sin? 0 Op? 
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On the other hand, if u > 0 is any real number other than 1, then it is also clear that (f+) will not be 
satisfied by (*), and so our only hope for an underlying dark energy density function [A(s)], whose 
Laplace inverse satisfies (f), for all dark energy singularities, is when u = 1. 


But from pages 365-9, we also now know that the guantumlike dark energy components satisfy (f), 
when u = 1, and so the entire gravitational model becomes fully covariant, in this case. Here again, 
is the layout for the field equations in the intangible space, taken from page 504, using physical 
coordinates, for the density function A(s) ~ o/s. 


CY = of[g™ (0) + 2cosh(Srcos(a))Jo(Srsin(a))g"’(Scos(a)) + 
2cosh(Srsin(B))Jo(Srcos(B))g"’’(Ssin(B)) + 
2cosh(Srcos(6))Jo(Srsin(@))g""’(Scos(8))] . 


And here, cos(a) = sin(@)cos() and sin(B) = sin(9)sin(o), and the physical singularities associated 
with the underlying dark energy density function A(s) = © / s, are at the origin O, and at 


S = {(+6, 0, 0), (0, +6, 0), (0, 0, +5)} . 


As well, C> is the Einstein curvature tensor, and C™ = R"Y - 2R g™Y, where R"” is the Ricci 
tensor and R the Ricci scalar. 


~ 


p N, 
n a NI 


m ae 


Physical Coordinate System 


It is a minor miracle to me, at least, that we are even able to find such a density function [A(s)], 
which ultimately leads to a fully covariant model in the intangible space, described by the 
equations above ... 


526 


Some More On The Inner Block In The Intangible Space When Ms) ~ o/s 


Bringing back our coupled equations from the previous page, in the intangible space and labelling 
as (*), 


CY = ofg™ (0) + 2cosh(Srcos(a))Jo(Srsin(a))g"’(Scos(a)) + 
2cosh(Srsin(B))Jo(Srcos(B))g"’’(Ssin(B)) + 
2cosh(Srcos(6))Jo(Srsin(@))g""(Scos(8))] 


we See, as in previous notes, there are two approaches to solving (*). We can try the ‘in one go’ 
method, where the template for g'’” encompasses all the components on the right-hand side above; 
or we can try the ‘component by component’ method, which is the better approach, in my view. 


If we go with the first method, and opt for the default inner block B = [r’, r° sin?(0)], in covariant 
form, then this is what we will have as part of the total solution to (*); that is to say 


£u,v = 0° [ grr (t, 0, , ò) >` r: r° sin?(0) > —gr (T, 0, , ò) ] > (~) 
where the bracketed part in (~) is the normalized solution N to (*) [pp 522-3], when o = 1. 


On the other hand, if we go with the second method, and again opt for the default inner block B, 
then we arrive at a total normalized solution N’ to (*), by adding the normalized component 
solutions together. And here, each normalized component solution will contain B, but because B 
in N must now agree with B in NW’, we see in the second method, that we only add to the inner 
block when summing normalized component solutions, if the entry here is uniquely different than 
B, which is the default, in this case. 


In other words, the sphere of radius r is still a sphere of radius r, for both methods, when looking at 
normalized solutions; because the sphere is B, if B = [r’, r sin?(0)]. 


And this is a general principle we developed in previous notes, when looking at the second method. 
However, a total solution W’ will almost surely include the inner block in its calculations, for the 
quantumlike terms in (*); so that the uniqueness of B for each term [which is no longer the default], 
is virtually guaranteed, when summing the normalized component solutions together, in this case. 


And from pages 522-3, we noted there that for the first term on the right-hand of (*), we could let 
B default to [r7, 7 sin?(0)] in N”. 
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Still More On The Inner Block In The Intangible Space When A(s) ~ o/s 


Let us bring back our coupled equations in two dimensions, for the intangible space, where there 
are singularities at O, and at {(+6, 0) , (0, +5)}. 


CY = ofg™ (0) + 2cosh(drcos(8))Jo(Srsin(0))g"’’(Scos(8)) + 
2cosh(Srsin(@))Jo(Srcos(6))g"’*(Ssin(®))]_—(*) 


For the normalized solution (o = 1), we’ll set the inner block [B] to r°, in covariant form, for the 
first component on the right-hand side of (*), and we’ll presume B is included in the calculations 
for the guantumlike terms, again for the normalized solutions to (*). 


Now for the first quantumlike term [@)], the radial fluctuations are strongest at 0 = 0 and a, as per 
the picture below [p 496], 


angular fluctuations for a given radius r 
so geometrically, might look more like an ellipse, in this case, as shown below in blue, on the 
next page. Thus, 2 will inevitably have a dependency on 9 here. 


The black circle is our default inner block [r°], associated with a radius r, and we’ll suppose here a 
total solution can be obtained, by summing over component solutions in (*) [see page 526]. 


Note that the radial fluctuations grow in amplitude, as r increases, and that the angular fluctuations 
shown above, are really a cross-sectional view of the radial fluctuations, for a given radius r. 
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To add the two inner blocks together, in the picture above, we only add to the default inner block 
[r’, black circle €], if the entry [blue ellipse €] is uniquely different than r°. Thus, at E in the 
diagram, we would add DE to r°, according to the formula (at least symbolically) 


OF? — OD? = (OD + DE) — OD? = 20D-DE + DE’, 


since terms are squared in B, and OD =r. Note that if DE = 0, then we add nothing to the default 
inner block — it remains at r°. Thus, the expression just above is added to 1”. 


And similarly at B in the diagram, but here we are subtracting from r°, because the ellipse is below 
C. Thus, we would subtract BC from r?°, where OC =r, according to the formula (symbolically) 


OC? — OB? = (OB + BC)? — OB? = 20B-BC + BC’, 


and again, if BC = 0, then we subtract nothing from the default inner block — it remains at r°. Thus, 
the expression just above is subtracted from r°. 


A similar exercise can be carried out for the second quantumlike component [@2] in (*), but now 
the inner block associated with this term will be the blue ellipse in the diagram above, rotated by 
90 degrees. 


This simple exercise seems to indicate that adding the inner block for @; [blue ellipse, €] to the 
default inner block [black circle, €], leaves us solely with the blue ellipse ! The default inner block 
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has been subsumed by €, as it were, according to the rule of uniqueness, by which we add inner 
blocks together. And if we were to add the inner block for @2 to C, which is simply the blue ellipse 
rotated by 90 degrees [€'], we’d obtain the same result; namely €'. 


In the picture above, we add the blue ellipse [@;] to the black circle uniquely, which leaves us with 
just the blue ellipse. We then repeat the exercise for [@2], which leaves us with just the purple 
ellipse. The inner block for the total normalized solution to (*) [p 527] thus becomes the two 
ellipses, and the black circle [default inner block] vanishes. 


This is all seems somewhat counter-intuitive, but if we adhere to our principle of uniqueness under 
addition, using this method, then this is what we end up with. 


On the other hand, if we treat the three inner blocks in the picture above as being unique, relative to 
each other, then under this definition of uniqueness, we could argue that all three should be added 
together, when looking for a total normalized solution to (*), by summing normalized component 
solutions together. Such an argument follows, on the next page ... 
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Bringing back our field equations from page 527, in covariant form, 


Cuv = o[guv(0) + 2cosh(Srcos(8))Jo(Srsin(8)) gu,v(dcos(8)) + 
2cosh(Srsin(@))Jo(Srcos(6))gu,v(Ssin(9))] =) 


we see that as 6 ---> 0, this resolves as 
Cuv z 50- gu,v(0) $ (GD) 


And setting o = 1/5, we obtain a normalized solution to (f), which will contain the default inner 
block B = r° [pp 522-3, 526]. 


So if we opt for a total normalized solution J to (*), by summing over the normalized component 
solutions for the right-hand side of this equation; we see immediately that if the guantumlike 
solutions are removed from J, then necessarily the default inner block B = r? must remain, by what 
we just said above. 


Thus when forming J, we must include the default inner block B = r°, when computing the total 
inner block for J; or said another way, the black circle and the two ellipses, in the diagram on the 
previous page, matter. 


Some clarification is needed, concerning the normalized solution to (f) above. We already know 
the general solution to (f) is going to be gu,v(r, 50), and by our associative principle under addition, 
relative to o [pp 522-3], becomes 


gu,v(t, 50) = 5- gu,v(r, o) = 5o- guv(r, 1) ; 


Now notice that gu,(r, ©) is the general solution to (t), when 5o has been replaced by o; that is to 
say 


Cuv ~ ©: gu„(0), $) 


so that, in fact, the normalized solution N to (f) is guv(r, 1) in ($), when o = 1. And the general 
solution to (f) is then 50: N. 


We alluded to this by setting o = 1/5 in (7) at the top of the page, but I don’t think that was enough 
to clearly explain what is actually going on here. Hopefully this additional note clarifies things ... 
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Still More On The Underlying Dark Energy Density Function Ms) ~ o/s 


From page 524, we stated that for a singularity at O, the Laplace inverse of A(s) ~ o/s", for u > 
0, computes to 


SELTU, 
where r is our radius and I (u) is the gamma function. Here, we’ll show that this is indeed true. 


Now from our general treatment of Laplace inversion techniques [pp 274-77], we showed that for 
densities of type A(s) ~ o/s", with u > 0, the following is a true statement, 


Tw+ ju! ---> Laplace Inverse ---> Vn (20) “r’v(ar), u = Vs? + a2, Re(v) > -1/2 (*) 


where I() is the gamma function, J\() is a Bessel function of the first kind, of order v, and we have 
u=2v+ 1. 


And from page 233, we also know that 

J\(z) --- (2/2)” /T(v + 1)asz---»0, (f) 
so letting a ---> 0 in (*), and making use of (f), we find that (*) becomes 

T(v + %)u*’~ | ---» Laplace Inverse ---» Vm (r/2)*”/T(v+1),u=s. È) 
And since u = 2v + 1, we can rewrite (£) as 
1/s! ---» Laplace Inverse ---> VT r” À / (2-7/2) P(t 1)/2)}; A) 
and now, using the Legendre duplication formula for the gamma function; which is 
rE r+) = 20-74 Jaz), () 
we see that by letting z = u / 2 in (~), it is the case that on the right-hand side, (^) computes to 
Ly Tapere 


And this is the desired result. 
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A Summary Of Where We Are With The Coupled Field Equations, When A(s) ~ o/s 


S <=> Cu» space-time 


Tu TE 
perfect star S* expansion /contraction of universe U 


In the diagram above, the fabric of space-time [S], which is to be identified with the Einstein 
Curvature tensor Cu,v, is comprised of two spaces; namely, the tangible space Tu and the intangible 
space Tz. An observer Ô in S can witness events sourced from either T or Tz, like a perfect star 
[S*] influencing our perception of space and time in Tu, or dark energy singularities in Tz, that are 
ultimately responsible for the expansion and contraction of our universe U. 


The complete notational form for the coupled field equations, taken from page 504, in physical 
coordinates, is [labelling as (*)] 


Cuv ~ kTuy + olgu (0) + 2cosh(drcos(a))Jo(Srsin(a)) gu,(Scos(a)) + 
2cosh(drsin(p))Jo(orcos(B))gu,v(dsin(B)) + 
2cosh(drcos(8))Jo(6rsin(8)) gu,v(dcos(8))] . 


And here, cos(a) = sin(8)cos() and sin(B) = sin(9)sin($), and the physical singularities associated 
with the underlying dark energy density function A(s) = © / s, are at the origin O, and at 


S = {(+6, 0, 0), (0, +8, 0), (0, 0, +5)} . 


As well, Cu, and Ty,y are the Einstein curvature and relativistic stress tensors, respectively; and 
Cuv = Ruv - YRguv, where Ry,y is the Ricci tensor and R the Ricci scalar. 


To operate in Tm, set o = 0 in (*) and solve for gu,y, where the tangible source is S*. This will yield 
the vintage Schwarzschild solution, subject now to a reconsideration of the time component, for the 
interior case [pp 383-460]. The inner block B is the default [7*, r? sin?(6)], in this scenario. 
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To operate in Tz , set k = O in (*) and solve for gu,v, component by component, with o = 1, to obtain 
four normalized solutions. The first normalized solution is associated with gu,„(0), on the right- 
hand side of (*), and here the inner block B is the default; namely [7”, r? sin?(0)]. 


For the remaining three quantumlike components in (*), you can choose the inner block B for each 
to be the default, or you can include the inner block for each, in the calculations. If you choose the 
former, then the inner block for the total normalized solution W to (*), across all four normalized 
component solutions, added together, will also be the default; that is to say [7”, r? sin?(0)]. 


If you decide to include the inner block in the calculations for the three quantumlike components, 
then these inner blocks will be rotations of one another, just like the normalized component 
solutions; and thus uniquely different, relative to each other, and relative to the default inner block, 
also. As such, all four inner blocks are to be added together, in this case, when calculating W, and 
the general solution to (*) in Te is now o- N. 


Several principles were developed along the way, to help with interpreting (*) correctly in Te. 
Among them, the Singularity Invariance Postulate [p 461 ff], the associative principle under 
addition relative to o [p 480 ff], normalized solutions (o = 1), the principle of uniqueness when 
adding normalized inner blocks together in Tz, the Laplace inverse of the dark energy density 
function A(s) ~ o/s, which must satisfy the Laplace operator (as it does, pp 524-5), the intangible 
vacuum Vz, which has nothing in it, and the generalized solution, which is o - NW, as noted above. 


And perhaps most significant of all, a recognition that (*) must be solved separately in both Tu and 
Tz, and that in Tz, a sum over normalized component solutions is probably the best approach ... 
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Let us bring back our coupled field equations below, in physical coordinates [p 532], and label 
them as (*). In the intangible space we have, 


Cuv ~ olgu (0) + 2cosh(drcos(a))Jo(Srsin(a)) gu,v(Scos(a)) + 


2cosh(6rsin(B))Jo(Srcos(B)) gu,(dsin(B)) + 
2cosh(drcos(8))Jo(Srsin(8)) gu,v(dcos(8))] . 


And here, cos(a) = sin(8)cos() and sin(B) = sin(9)sin($), and the physical singularities associated 
with the underlying dark energy density function à(s) = © / s, are at the origin O, and at 


S = {(+6, 0, 0), (0, +8, 0), (0, 0, +5)} . 


As well, Cuv and Ty, are the Einstein curvature and relativistic stress tensors, respectively; and 
Cuv = Ruv - ¥2Rgu,v, where Ru, is the Ricci tensor and R the Ricci scalar. 


Now we want to emphasize again, that the gravitational tensors on the right-hand side of (*) are 
uniquely bound to their corresponding dark energy components, and that the argument to gu,v is a 
radial measure along the line łap . The last quantumlike component in (*) has no dependency on 
o, which is actually a manifestation of the coordinate system we are working in. 


Physical Coordinate System 


If the normalized component solutions (o = 1) for the guantumlike terms in (*) are W7, N2, and N3, 
respectively; then M2 is a 90° rotation of M7 in the x-y plane, and W3 is a 90° rotation of W7 in the 
x-z plane or a 90° rotation of W2 in the y-z plane. The same is true for their inner blocks. 
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An Interesting Identity Concerning W Solutions 


The normalized [N] solution for the equation below, in the intangible space, is obtained by setting 
o=1. 


Cuv = O` guv(0) €) 


We write this solution as gu,v(r, 1), and the general solution to (*) is simply o - W. Now from page 
522, we know from the associative principle under addition, relative to o, that 


Suv, Y) = yguv(t, 1). 
Thus, for any | y | > 0, it must be the case that 
guv(, Y) gur(t, 1/y) = guy, 1} = N2, (Fh) 
or said another way, for all | y | > 0, 
N = Juv) ` Juv 1/y) - 
If we define 
gu,v(r, 0) = lim gu (r, y) as y ---» 0 and gu,v(r, 0) = lim gu,(r, 1/y) as y ---> 0, 
then it is also the case from (Ẹ), that for all r > 0, 
gu,v(t, 0) > gu,r(t, ©) = M2. 
In particular then, and from (*); for the normalized (o = 1) default inner block B = r° in a two 
dimensional model, where u = v = 2; since we already know gy,(r, 0) = 0 and gu,x(r, ©) = œ, we can 
translate the expression just above, as 
O-o = rt = B. 
Such non-standard operations may prove to be useful down the road, as we learn more about how 


to solve these coupled equations in the intangible space, and how we might interpret ‘in the limit’ 
operations, as well ... 
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A Little More On Rotating W Solutions 


Let us bring back our coupled field equations below, in physical coordinates [p 534], and label 
them as (*). In the intangible space we have, 


Cuv ~ o[gu(0) + 2cosh(drcos(a))Jo(Srsin(a)) gu,v(Scos(a)) + 
2cosh(6rsin(B))Jo(Srcos(B)) gu,(dsin(B)) + 
2cosh(6rcos(8))Jo(rsin(8)) gu,v(dcos(8))] . 


And here, cos(a) = sin(8)cos(¢) and sin(B) = sin(9)sin(o), and the physical singularities associated 
with the underlying dark energy density function à(s) = © / s, are at the origin O, and at 


S = {(+ò, 0, 0), (0, +ò, 0), (0, 0, +6)} . 
And again, from page 534 we said ... 
If the normalized component solutions (o = 1) for the guantumlike terms in (*) are N1, N2, and N3, 


respectively; then W2 is a 90° rotation of W; in the x-y plane, and W3 is a 90° rotation of W7 in the 
x-z plane or a 90° rotation of W2 in the y-z plane. The same is true for their inner blocks. 


Physical Coordinate System 


The rotation of W7 into W2, in the x-y plane, is actually a rotation of the o variable in N; — the 0 
variable in WV; is left alone. The rotation of W7 into W3 in the x-z plane, necessarily means that 
must be set to zero in N1, since W3 has no dependency on 9, and the rotation itself, must map the 
singularities located at (+6, 0, 0) to (0, 0, +5). This can only happen if @ = 0, and similarly, the 
rotation of W2 into W3 in the y-z plane, requires that we set 6 = 90° in N2. 
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Dark energy singularities likely come in pairs, save for the origin O of our coordinate system [see, 
for example, pages 168-96]; so in the diagram below imagine a ring of singularities, symmetrically 
positioned on the circle € of radius 5, for the two dimensional model. 


circle of radius 6 


The pair of singularities at [A, A’], for example, would correspond to (+6, 0), and we could suppose 
there are n such pairs on C, where n is any integer greater than zero. 


The question now becomes one of how to solve the coupled equations in the intangible space, when 
n becomes large, or even very large. If we decide to use the ‘in one go’ method, we’ll soon find out 
that it becomes an intractable problem in this case, because in the equation below, there will be n 
terms for the guantumlike entries that have to be incorporated into a single template for gu,y. 


Cuv = o[guvO) + Si guv(argi) + 2° gur(arg2) + ...] H 


On the other hand, if we opt for a sum over normalized component solutions for the quantumlike 
terms [where č; is the i-th dark energy component]; then we only need solve for i = 1 in (t) [which 
we'll call M7], since all other solutions will be a rotation of N1, in the two dimensional plane. And 
here, we can let i= 1 correspond to (+6, 0). 


And to me, at least, this makes much more sense, and is a strong argument for choosing the second 
method over the first, especially if n is very large. 
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Rotating Our Harmonic Expression For The Equivalency Theorem In The Coupled Case 


Let us recall our equivalency theorem, in the intangible space, from pages 468-9, and reproduced 
here; where a = cos(@) and e = sin(@), and € = g(a) - Jo(re) ... 


(1) = g(a) - Jo(re) if and only if (2) is true (*) 


Here, the following expression is (1), 


xf {cos(y)[g™ (a + iy) — g"’’(a—iy)] + isin(yr) [g> (a + iy) + g™'(a —iy)] } dy /Jy2 - £? 
E 


and the expression below is (2), where the dark energy singularities are at O and at (+1, 0)... 


CY = o[g*(0) + 2cosh(ra)Jo(re) g"’”(a)] 


a+ iy 


a = cos(9) 


e = sin(@) 


a—iy 


From our diagram above, if we rotate B into E on the unit circle, then a = 1 and e = 0 in (1), and 
logic tells us we should see it the same way for the arguments associated with expression €. 
Similarly, if we rotate B into D, then a = 0 and e = 1 in (1), and again, logic tells us we should see it 
the same way for the arguments associated with €. Seen this way, within the context of rotations, it 
becomes easier to see how the argument to g'’’ in €; namely a, becomes a radial measure [OF] 
along the line &; whilst in (1), a and y are always Euclidean coordinates in the complex plane. 
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Calculating The Harmonic Expression For The Equivalency Theorem When 0 = 2/2 


Let us recall our equivalency theorem from the previous page, in the intangible space, where a = 
cos(0) and £ = sin(@), and € = g™ (a) - Jo(re) ... 


(1) = g™" (a) - Jo(re) if and only if (2) is true (*) 


Here, the following expression is (1), 


xf {cos(yn)[g™ (a + iy) — g”’(a—iy)] + isin(yr) [g(a + iy) + g"*(a—iy)]} dy /\/y2 - £2 
e 


and the expression below is (2), where the dark energy singularities are at O and at (+1, 0)... 
CY = ofg™ (0) + 2cosh(ra)Jo(re)g"’”(a)] . 


And from page 502, let us choose our template T for g’”” to be the following, where the sum is over 
all even integers, and cn(u, v) is a function of the variable 8, only. 


È cn(u, v) r” Pp(cos(0)), n=0,2,4,... 
Setting 0 = 2/2, we see that a = 0 and e = 1 in (1), and that G becomes co(u, v) when r = cos(8), 
since this is now g"’’(a) we are calculating in the equivalency (*), and Po(0) = 1. But in (1), where 
again, a = 0 and e = 1, we are actually calculating g'’’(+iy) in T, and this computes to 


È colu, v) (iy) Pa(0), n=0,2,4,... (Ff) 


Now since we’re summing over all even integers in (t), the first bracketed term in (1) associated 
with cos(yr), vanishes, leaving us with the expression (a = 0, e = 1, xK = 1/277) 


(oe) 
Aki È J cnt, v) (-1)"”? P,(0) y” sin(yr) dy /\y2 = £, n=0,2,4,... 
€ 


Integrals of this type, just above, will only converge if cn(u, v) = 0 for all even n > 0, in which case 
the expression above evaluates to co(u, v) - Jo(r), and this agrees with € in (*) when a =0,s=1. A 
validation of our template G, you might say. Otherwise, no such validation of Tb is possible, in 
which case we have to look for other forms for T. 


When 9 = 0, so that a = 1 and £ = 0, we know from past research that (1) computes to g'’’(a), and 
using our template TU above, this is 
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È cn(u, v)r" Pa(cos(0)) = È cn(u, v), n=0,2,4,... (È) 


since r = | here, and Pp (cos(0)) = 1 for all n = 0, when 8 = 0. And in the complex plane, for our 
template T, r computes to (a? + (iy)*)!”, so that (1) becomes (a = 1, e = 0, K = 1/2ri) 


ioe) 
Adi È J cnt, v) Pa(1) (a? — y?)"”? sin(yr) dy /\/y2 - €2, n=0,2,4,... 
€ 


Just as on the previous page, integrals of this type will only converge if cn(u, v) = 0 for all even n > 
0, in which case the expression above evaluates to co(u, v), and this agrees with ({) when a = 1 and 
¢=0. Again, a validation of our template G, you might say. Otherwise, no such validation of TU is 
possible, in which case we have to look for other forms for T. 


OTHER CONSIDERATIONS 
When considering a template like 
T = È clu, v) cr" Pa(cos(8)) , 


it is probably more correct to take the absolute value (or modulus) of r, when doing our 
calculations, because the argument to g™” in (*), on the previous page [namely a = cos(0)], could 
well be negative. So if we rewrite our template as 


T = È clu, v) |r]"Pn(cos(®)), ($) 


and now carry this over to the complex plane, then for an expression like g™” (a + iy) in (1) on page 
539, the modulus of r in our template computes to (a? + y’)!?. But either way, whether we do or do 
not use the modulus of r for G, our conclusions do not change — convergence in the integrals can’t 
be achieved if n > 0. 


STILL MORE CONSIDERATIONS 


If we suppose that 0 tracks r in the complex plane œ, as it does in the two dimensional plane R?, 
since r is a radial measure along the line le; then for our quantumlike component in (2) [p 539], 
using the template (§) above, the sum over integrals at the top of the page becomes (a = 1, € = 0, 
and «= 1/271)... 


ioe) 
Aki È iff en(arccos a / (02 + y*)") Pala / (02 + y?)!) (a? + yA? sin(yr) dy Jy? = €2, (~) 
E 


where the sum extends over n = 0, 2, 4, ... and cn under the integral sign is cn(u, v) in (§), which 
we'll suppose, is an even function of 0. 
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Now suppose also that in (~), cn is zero for all even n > 0. Then (~) reduces to 


Co 
sif co(arccos a / (a? + y’)"”) Pola / (a? + y’)"””) sin(yr) dy /\/y? - 2, (N 
E 


and this must compute to co(u, v) in (ł), where 0 = 0 [p 540]. Reducing (^ even further, by noting 
that Po is always 1, and 4xi = 2/7, we see that (^) becomes (a = 1, € = 0)... 


sif co(arccos a / (a? + y’)"”) sin(yr) dy /\/y? - £2. (ID 


E€ 


Now since we also know that (a = 1, e = 0) 


CO 
sif sin(yr) dy /yy? - £ = 1, 
E€ 


it is thus, reasonable to conclude, that arccos a / (a? + y’)"” in (||) must be 0 as well, since again, 


(||) must compute to co(u, v) in (t), where 0 = 0. But if this is so, then 
a/ (a? +y’)'? = cos(0) =1, 


and since a = 1, it must be the case that y = 0. In other words, we are actually in the two 
dimensional plane R? along the x-axis, so that O does not track r in the complex plane @, after all. 


So when computing the template below in € 


T = Lcntu, v) |r| ” Pa(cos(0)), ($) 


all we have to worry about is mapping the argument associated with g'’’(a + iy) to |r]; that is to 
say, A iy... 
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A Few Additional Notes On The Harmonic Expression For Our Equivalency Theorem 


Let us recall our equivalency theorem from page 539, in the intangible space, where a = cos(8) and 
e = sin(Q), and here we’ll recast it in covariant form ... 


(1) = gu,v(a) - Jo(re) if and only if (2) is true (*) 


Now the following expression is (1), 


xf {cos(yr)[guv(a + iy) — gu v(a —iy)] + isin(yr) [gu v(a + iy) + guv(a—iy)]} dy Yy? - £? 
E€ 


and the expression below is (2), where the dark energy singularities are at O and at (+1, 0) ... 
Cuv = o[gu,(0) + 2cosh(ra)Jo(re) gu,v(a)] . 
The first thing to note is that (1) only applies to the guantumlike component in (2); that is to say 
Cuv = 20- cosh(ra)Jo(ré) gu,(a) , 


and the second thing to note is that in (1), a + ty is to be interpreted as a radial measure in the 
complex plane @, calculated from the template T for gu,v in R?, like the one shown below. 


T = Len(u, v) |r|" Pn(cos(®)), n=0,2,4,... ($) 
For example, if G was (§) above, then in €, gu,v(a + iy) would become (§), where |r| = (a? + y’)!”, 
since we now know that @ does not track r in the complex plane [p 541]. Thus, when calculating 
(1), we are always doing so in the direction of r, for any guy, where here, in the two dimensional 
model, u = v = 1, 2, or 3 (r, 0, t). 


Now if we associate u = v = 2 with the inner block B, and choose the default, so that gu,y = r°, then 
in C, gu,v(a + iy) equates to |r|* = (a? + y’), and we know in this case that (1) will not converge. 
We do this, of course, when calculating the normalized solution, where o = 1. 


Thus, (1) is telling us, perhaps in a rather indirect sense, that the default for B may not be the 
correct choice, which means, in turn, that the inner block should be included in the calculations, 
according to some template T, just as we do for u = v = 1 or 3. And similarly for the three 
dimensional model, for the guantumlike components. 


As to the first component in (2), on the right-hand side, the equation is 
Cu,v ~ O° gu,v(0) š 


and this has nothing to do with the equivalency theorem (*), above, as we said earlier. Thus, 
choosing the default inner block for the normalized solution (o = 1), is acceptable. 
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A Few Additional Notes On The Harmonic Expression For Our Equivalency Theorem, 
Part II 


From Part I [p 542] let us allow a and e ---> 0, so that (1) is equal to gu,,(0), and our equivalency 
reads, where initially the dark energy singularities are at O and at (+1, 0) ... 


(1) = gu,v(0) if and only if (2) is true. (*) 
Here (2) is 
Cuv ~ 30: guv(0), 
since the dark energy singularities at (+1, 0) have now converged to O. 


Now (1) is (a = 0, €=0, x= 1/271), 


xf {cos(yD[gu v(a + iy) — gu v(a —iy)] + isin(yr) [gu v(a + iy) + guv(a—iy)]} dy Yy? - £? 
E€ 


so that for the case of the inner block B, if we allow this to become the default, namely r?°, in the 
case of the normalized solution N to the following expression, where o = 1 ... 


Cuv = 6+ guv(O); (F) 


then (1) will not converge for guv = r°, u=v=2. Again, from the last page, gu,y(a + iy) equates to 
|r |? =y? here, and (1) becomes (a = 0, e = 0, k = 1/2zi) 


(oe) 


sif y+ sin(yr) dy . 
E€ 


On the other hand, it seems most reasonable to let B default to r? in (+) when o = 1, using our 
physical intuition, so this could well be a case where the physical overrides the mathematical. In 
other words, while we would like (1) to converge as much as possible, where more generally, a = 
cos(8) and e = sin(0); there may be times when we can’t make it happen, and have to defer to our 
intuition, instead. The example in this note may be such a case ... .. 
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Seeing The Harmonic Expression Via The Laplace Inverse Of a Generating Function f (s) 


Consider the following template U for gu,y in (*) below, where again cn(u, v) is an even function of 
0, and from page 542, a = cos(8) and e = sin(@) [the dark energy singularities for (*) are at (+1, 0)]. 


Cuv = 20 : cosh(ra)Jo(re)gu(a) ©) 
T = È cnu, v) |r|", n=0,2,4,... (8) 


Then the harmonic expression (1) from page 542 becomes the following, and these integrals do 
converge for every even integer n > 0 (k = 1/277)... 


Ai È S cnca, v) (a? + y) 1? sin(yr) dy /\/y? - €2, n=0,2,4,... (F) 


E€ 


Now define the function f(s, n) below, where s is a complex variable, and let us calculate the 
Laplace inverse of f along AB, using the contour that follows ... 


f(s,n) = 1/ {(s?—a2) 9/7 Vs? + £2}, n=0,2,4,... 


Adopting the methods on pages 274-77, we find that the Laplace inverse of f(s, n) computes to 


(oe) 


Ava (1974 Jæ sin(yr) dy //y? - £2 + Ra n=0,2,4,... 


E€ 
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which we’ll define to be L- (f(s, n)). The term Rn is the residue calculation from the poles at the 
points (+a, 0), and for n = 0, Rn = 0; and for n = 2, Rn = sinh(ar) / ava? + e2. 


Thus, when n = 0, £7 (f(s, n)) agrees with the first term in (+) [omitting Rn and cn(u, v)], and when 
n=2, L- (f(s, n)) agrees with the second term in (t), up to sign [again, omitting Rn and cn(u, v)]. 
And, in fact, this will be true for all even integers n = 0. 


And so, we see how we can develop a generating function f(s, n), and operate on it with the 
Laplace inverse [£7] to reproduce the integral components in (t) on the previous page. Such a 
technique may be useful to us down the road, as we search for templates that may work for (*) ... 
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Understanding The Template T In R? Versus The Harmonic Expression In C 


Let us bring back our hypothetical template in R?, which is the two dimensional plane, and shown 
below, where cn(u, v) is an even function of 8 only [pp 539-41] ... 


T = Len(u, v) |r|" Pa(cos(®)), n=0,2,4,... (8) 


And let us recall our harmonic expression in the complex plane @, in the intangible space, where 
here, a = cos(9) and £ = sin(9), and we’ll label this as (1) ... 


xf {cos(yD[gu v(a + iy) — gu,v(a—iy)] + isin(yr) [gu v(a + iy) + guv(a—iy)]} dy Yy? - £? 
E€ 


a+ iy 


a = cos(@) 


e = sin(9) 


(1) = g(a) - Jo(re) 


On the unit circle in the picture above, the template T applies equally well, whether we are in R? or 
C, because, for example, at the point B, | r| = 1 and the angle is 0, in both spaces. But as we move 
away from B (or its counterpart at C), along the imaginary line ła in C, heading north or south; and 
use the template T to perform the integration in (1); the argument to gu,v in (1) becomes the radial 
expression |r| = (a? + y?) 1/7, as we know. Thus, the argument @ = a + iy to guv, inherits this piece 
quite naturally from T in R?, from a radial perspective. 

But the corresponding angle y = arccos a / (a? + y*)'? associated with A, cannot be inherited from 
TG, and is actually separate and apart from the angle 0 you see in U, unless you are on the unit 
circle in the picture above [pp 540-41]. 


So when interpreting gy,y(a + iy) in (1), where we are in the complex plane, it is to be thought of as 
guv(t, Y) in R2, where here, r = (a? + y?) !/? and y = arccos a / (a? + y’)'”. And this is the best we 
can do with the interpretation, yet it still allows us to comment on whether or not (1) converges. 
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Understanding The Template T In R? Versus The Harmonic Expression In @, Part II 


Let us begin this note, by making an observation concerning r versus |r|, using the Riemann zeta 
function [C(s)]. To wit, from pages 330-32, using a variant of our harmonic expression (1), from 
the previous page, we have from Wolfram ... 


fo LAREN y = 
J0 ny 
1.64477 
“300 i(-cos(y)(-č(|2 -i y|) + č(|2 + i yl) + isin(y)(č(|2 -i yl) + č(|2 + i yl))) 
dy = 1.51926 


The first expression above is the evaluation of ¢(2) = n?/6 ~ 1.64493, and you can see how closely 
the two match. However, in the second expression, where we take the modulus of the argument to 
C(s), you can see that we do not get a match with C(2), even though C(2) = (| 2|). 


From page 542, let us allow a and e ---» 0, so that (1) is always equal to gu,v(O) [pp 330-2], and our 
equivalency reads, where initially the dark energy singularities are at O and at (+1, 0) ... 


(1) = gu,(0) if and only if (2) is true. (*) 
Here (2) is 
Cuv ~ 30° guv(0), 
since the dark energy singularities at (+1, 0) have now converged to O. 


Now (1) is (a = 0, € = 0, K = 1 /21i), 


xf {cos(yD[gu v(a + iy) — gu v(a —iy)] + isin(yr) [gu v(a + iy) + guv(a—iy)]} dy Yy? - £? 
E 


and the normalized solution N to (2) [Cuv ~ ©- gu,(O) and o = 1] will be a function of r only; so 
that when evaluating gu,y(a + iy) in (1), in this case [a = 0, € = 0, k = 1/271], it behooves us to take 
a lesson learned from the ¢ integrals, at the top of the page. 


For just like C(s), which is a function of one variable and real-valued along the x-axis, so is the g- 
matrix associated with M. That is to say, any element gy,» in g will also be real-valued, and a 
function of r only. 
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Thus, when evaluating gu,v(a + iy) in (1), in this case [a = 0, e = 0, x = 1/277], we should calculate 
gu, v(+iy) as is, as opposed to calculating gu,,(|+iy |). For to do the latter, would be a mistake in my 
view, given what we’ve learned in this research note. 


And gu,v(+iy) can be calculated from the the elements of g directly, which is W, or if we were using 
a template TG, we could use that too, where the variable r in G becomes iy. 


Now if we move on to the more general form of (1), where a = cos(@) and e = sin(9), and decide to 
use a hypothetical template in R? such as 


T= È cn(u, v)” Pa(cos(0)), n=0,2,4,... (8) 


where cn(u, v) is an even function of 8 only; then the same principles will apply, so that in (1) we 
evaluate gu,y(a + iy) by letting r = a + iy in (§). 


Or if we found a normalized W solution (o = 1) to 
Cuv ~ 20: cosh(ra)Jo(ré) gu,(Q) , 


we could use that too, when evaluating (1); where again, it is r = a + iy in the N solution gu,v(r, 9), 
that we are calculating in (1), just as it is when using T. 


And this is now a departure from previous notes in this section [p 539 ff], where we suggested 
using r = |a + iy|in our calculations. Again, I think it would be a mistake to do so, based on what 
we have learned in this research note. 


But does this mean our study of convergence issues for (1) [p 539 ff.] must be tossed, just because 
we opted for|r| versus r in (1) ? No, in my opinion, because there is still some residual value in 
studying convergence of these integrals, in the former case. 
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A Harmonic Expression For 1 /r 


Consider the following function, where we are evaluating f over the contour shown below, using 
the Laplace inverse ... 


f(s) = 1/{(s +a) vs? + €7}, 


For the time being, we’ll presume a > 0, so that a simple pole exists at —a in f. Using the methods 
on pages 262-4, we find that our harmonic expression computes to (e = 0, x = 1/277), 


co 


xf {cos(yr)[1/(a +iy) — 1/(a —iy)] + isin(yr) [1/(a +iy) + 1/(a—iy)]} dy //y2 - £2 + R (*) 


E€ 


where R = 2e™ / a, is a doubling of the residue from the simple pole, itself. Here is a snapshot 
showing the integral above, when a = | and r = 1 in the cos() and sin() terms, as well as R, but r can 
be any real number > 0... 


TETT. Nig ag 
= i — dy = 
0 (ix) y y 
i Ci(— 100 + i) — i Ci(100 + i) + Si(— 100 + i) + 2 e Si(100) — Si(100 + i) 


en 


y 


Pe 


= 0.264274 
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In this case R ~ 0.735759, and when added to the number just above [.264274], the result is 1. But 
you can see from the integrand in (*), that we are dealing with the harmonic expression 


xf {cos(yr)[guv(a + iy) — guv(a—iy)] + ésin(yr) [Zu v(a + iy) + guv(a—iy)]} dy //y2 - £2 
E 


where now, gu,v = 1/r, where r represents the radial direction in gu,y . From this, we conclude that 
when r = 1, gu,v(r) computes to 1, which is equal to gu,.(a@), which in turn, is equal to (*). That is to 
say (a=1,¢=0,r=1,r=1,K=1/2ni, R=2e ™/aQ), it is the case that 


2u,v(a) = 
xf {cos(yr)[1/(a + iy) —1/(a—iy)] + isin(yr) [1/(a + iy) + 1/(a—iy)]} dy ly? = 2 +R, 
€ 


and this demonstrates clearly, that when going over to the complex plane € from R?, the radius r in 
gu,v Maps to a + iy, which we spoke about in the previous research note [pp 547-8]. That is to say, 
gu,v(a + iy) = 1/(a iy) in this case, since gu,y = 1/r in R?. 


Let’s take another snapshot, which we see below ... 


Poe 


(" i((-5 yY iy 


} cos(2 y) + i ( — + — Jsin(2 y)} 
ám y 2+1 y 
-ut dy = 0.481712 


` 


0 my 


In this case (a = 2, e = 0, r = 2, r = 2, K = 1 /2mi, R = 2e / a), we find that R evaluates to ~ 
.0183156, and when added to the number above, the result is 0.5. And this is precisely gu, (r), 
which is equal to guv (a), since again, a = r = 2, and guv = 1/r. Yet another confirmation of our 
harmonic expression, you might say. 


Finally, let’s look at another snapshot, where a < 0 (a = —3, e = 0, r = 1, r =—3, K= 1/2ri) ... 


l 1 . l l : 
+ cos(y) +2 sin y 
iy 3+i y y) | 3-i y es (y)) 


*100 i((- 3 
| — rm roml"um — Ady = -0.333298 + OF 
JO ny i 


In this case, the simple pole is at —a > 0, and we can omit it by setting 0 < Re(AB) < —a in our 
contour. Thus, R is now zero, and only the harmonic expression above matters. Itis approximately 
—¥,, which agrees with gu,v(r), which is equal to gu, v(a), since again, gu,y = 1/r, and a = r = —3. 
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A Harmonic Expression For 1 / r? 


This case is similar to the previous research note, so we’ll be more brief here and quote the results. 
And here, we are evaluating f over the same contour as in the previous note, using the Laplace 
inverse, where f is ... 


f(s) = 1/ {(s +0)? Vs? + £2}. 


Now with a > 0, a pole of order 2 exists at—a in f, and using the methods on pages 262-4, we find 
that our harmonic expression [labelling as (*)] computes to (e = 0, x = 1/227), 


o0 


xf {cos(yr)[1/(a + iy)? — 1/(a—iy)”] + isin(yr) [1/(a+ iy) + 1/(a- iy)?]} dy [y2 - £2 +R 
€ 


where R = 2e ™ (1 + ar) / a”, is a doubling of the residue from the pole, itself. Here is a snapshot 
showing the integral above, when a = 1 and r = 1 in the cos() and sin() terms, as well as R, but r can 
be any real number > 0... 


i([-— 5 + - | cosy) +i( : + l |sincy)} 

*100 (1 i y)? (l+i y)? j (1 i y)? (1+i y)? ~ 
eee ._’O OONm m1 dy = 
0 


à ny 
-0.471517 + 0i 


In this case R ~ 1.471517, and when added to the number just above [—.471517], the result 
computes to 1. 


Now here, guv = 1/7’, where r represents the radial direction in guv. From this, we conclude that 
when r = 1, gu,v(r) computes to 1, which is equal to gu, (a), which in turn, is equal to (*). Now 
let’s look at the next snapshot ... 


l l : l 
«100 i((- z + 7 cos(2 y) +i 3 


(2-i y)“ (2+i y)“ (2-i y) (2+i y) 
_ a E A E dy = 
J0 ny 


0.204211 


In this case, a = 2 and r = 2 in the cos() and sin() terms, as well as R, and R computes to .045789. 
And when added to the number just above [.204211], the result is 0.25, which agrees with gu,v(r) 
and gu,v(a), since again, guv = 1/77, and a = r. Now for the last snapshot, which follows on the 
next page ... 
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1 1 1 1 : 
ti|-———_, + > | COS( VY) + £1 ——> + > } Sin 
*100 {| l-i y)“ l+i y)* | y) | (-1-i y)“ (-l+i y)“ } w) 


In this case, a = —1 and r = 1 in the cos() and sin() terms, and the pole is now at —a > 0; so we can 
omit it by setting 0 < Re(AB) < —a in our contour. Thus, R is now zero, and only the harmonic 
expression above matters. It computes to 1, which agrees with gu,v(r), which is equal to gu,v (a), 
since again, guv = 1/7°, and a =r =-1. 


Let us recall our equivalency theorem, in the intangible space, where a = cos(0) and e = sin(@), and 
E= 2u,v(Q) j Jo(re) Sats 


(1) = gu,(a) - Jo(re) if and only if (2) is true (*) 


Here, the following expression is (1), 


xf {cos(yr)[guv(a+ iy) — guv(a—iy)] + isin(yr) [gu v(a + iy) + guv(a—iy)]} dy /yy? - £? 
E€ 


and the expression below is (2), where the dark energy singularities are at O and at (+1, 0) ... 


Cuv = o[gu(0) + 2cosh(ra)Jo(re)gu,(a)] . 


In general, when quoting an equivalency theorem, like the one above, the assumption has always 
been that gu,y is well-behaved in the complex plane €. But it may not be, as we have seen in this 
research note, and the preceding one. In such cases, a residue R will show up in the calculations, 
and it now becomes part of the harmonic expression. But even so, the equivalency theorem still 
holds ... 
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Testing The Template 1/r In Our Harmonic Expression For A Quantumlike Component 


In this case, we use the same methods as outlined on pages 549-50, for the function below, where 
the equivalency theorem, as stated on the last page, applies. 


f(s) = 1/{(s +a) vs? + €7}. 


However, the difference now is that a = cos(@) and ¢ = sin(9) are both variables, so when 
calculating the residue in the Laplace inverse for f, at the pole —a [where a > 0]; it will compute to 
e ™/vVa? + £2. It is this residue that we double, and add to the harmonic expression above, and so 
obtain, for the complete expression, in the case of the guantumlike component, 


(oe) 


2x J {cos(ynf1/(a + iy) —1/(a—iy)] + isin(yr) [1/(a+iy) + 1/(a—iy)]} dy [y2 = £2 + R (*) 


e 
where R = 2e ™, since a? + 2° = 1. 


Now let’s look at a snapshot of the integral in (*), when 0 = 2/4, so that a and £ are ¥2/2 
(approximately 0.707106), and the template for guv is 1/r. And here, r = 1 in the cos() and sin() 
terms, as well as R, but r can be any real number > 0... 


1 l 


7 -e o i cj r ae: ae i aS e 
*100 oan aaa y 0.707106-i y ) ne So | 0.707106+i y . 0.707106-i A 
a ee 
“v2 (ix) y y? -0.5 
0.189332 


In this particular case, R computes to ~ .986137, and when added to the number above [.189332], 
we obtain 1.17547. 


Now in order for the equivalency to hold on page 552, for the quantumlike component, (*) must 
agree with gu,.(a) - Jo(re), where here, a = ¢ = cos(@) = V2/2, andr = 1. And since gu,(r) = 1/7, 
this means gy,.(a) = 1 /a = V2. On the other hand, Jo(re) = Jo(V2/2) ~ .878852, so that 

gu,v(a) - Jo(re) ~ 1.24288 . 
The two numbers [1.17547 and 1.24288] do not agree, so that we may conclude gy, = 1/r is not an 
acceptable template, for the normalized solution (o = 1) to the guantumlike term in (2) [p 552]; that 
is to say, 


Cuv = 20 : cosh(ra)Jo(re) gu,v(a) . 


And this is how we can use the equivalency theorem to test the viability of our templates ... 
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Is guy = 1/(r + A) A Suitable Template For Cuv ~ ogu,(0), Where A > 0 


Let us bring back the more general equivalency from page 511, where there are singularities at the 
origin O and at (+ò, 0), in the intangible space. Here, a = cos(0) and e = sin(8), and ò > 0. 


Then if gu,y is well-behaved in the complex plane @, (1) is ... 


xf {cos(yr)[gu,v(Sa + iy) — gu,v(Sa—iy)] + 
õe isin(yr) [gu,(Sa + iy) + guv(Sa—iy)]} dy / Jy? - (82)? 


and (2) is ... 
Cuv = o[gu,v(0) + 2cosh(dra)Jo(Sre)gu,(da)] . 
And let us recall our equivalency, for this case, where € = gy,y(Sa) - Jo(Sre) ... 
(1) = gu,(6a) - Jo(ore) if and only if (2) is true. (~) 


Now since guv = 1 / (r + A) is not well-behaved in the complex plane @, we’ll take the Laplace 
inverse of the following expression, in order to append to (1) the proper residue, when a > 0... 


f(s) = 1/ {(s + a + A) Js? + (Se)?} . 


Note that whether or not A is equal to zero, r maps to ða + iy in C; since again, in R?, it is the case 
that gu,v(r) = 1/(r+A). 


Taking the Laplace inverse of f leads to the following complete harmonic expression [pp 262-4], 
which we’ll label as (*) ... 


xf {cos(yr)[1 / (5a + A + iy) — 1/(õa+A-—iy)] + 
ðe isin(yr) [1 / (ða + A + iy) + 1/ (ða + A —iy)]} dy / Yy? - (8)? + R, 


where R = 2e ©% + Ar / VS + 250d + A2, is a doubling of the residue associated with the simple 
pole that is at —( ða + A) in f(s). And again, a, 6, A are all > 0, and recall too that +e =l. 


Now let 6 ---> 0, so that in this special case, (*) must equal 1/A from our previous notes [pp 549- 


50], since this is now gu,v(0), and therefore (2) below must hold, by equivalency. That is to say, (2) 
is... 


Cuv z 30: gu,v(0) > 
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since the dark energy singularities at (+6, 0) have converged to O. And again, guv = 1 / (r + A) in 
R?, and thus we may conclude that this template is valid for Cuv ~ ©: gu (0), where o = 1. Said 
another way, gu,v does not ‘blow up’ at the origin [r = 0] in R?. 


As an example, suppose 6 = 0 and A = 1 in (*) on the previous page, so that (*) becomes (r = 1 in 
the cos() and sin() terms, as well as R; but r can be any real number > 0)... 


(oe) 


2x f {coslyn[1/(A + iy) —1/(A—iy)] + isin(yr) [1/(A +iy) + 1/(A-iy)]} dy/y +R, 
o 


where here, R = 2e ©* + 4" / 4/62 + 26aA + A? = 2e™ ~ 0.735759. And from the snapshot below 
we see what the integral, just above, computes to ... 


l 


l ci l 1 
-100 CSO) (T= 1 s) +ésinn (TR + 1 I 
(7 yt ay 
JO (En) y 
i Ci(— 100 + i) — i Ci(100 + i) + Si(— 100 + i) + 2 e Si(100) — Si(100 + i) 
— C q 0.264274 
ent 


Adding the two numbers together [.735759 and .264274], we obtain 1 ... the desired result, since it 
is the case that gu,v(r) = 1/(r+A)=1, whenr=0... 
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Is guy =1/(V¥r + A) A Suitable Template For Cuv ~ ogu(0), Where A > 0 


In this case we use the function f below, associated with the following contour y, and take the 
Laplace inverse of f, along AB, where a, ò, A are all > 0... 


fis) = 1/ {VS F 6a F A: 5? + (67) 


At the outset, it should be said that f has no poles; only the branching points at +iòsin(9), and at —p. 
As well, the phases in y are m on the arms CD and GH, relative to the y-axis; and —z on LE and JJ. 
And for the horizontal arms sweeping around —p, the top arm has a phase of n, relative to the x- 
axis; and the bottom arm has a phase of —z. Finally, the Laplace inverse, itself, is defined to be the 
following integral, along AB, where «x = 1/277... 


«fe fis) ds 


Computing along the vertical branches (or arms) yields [labelling as (*)] ... 


2« J fcostyrytt / Ga +A+t iy) -—1/(/6a +A -iy)] + 
õe 
isin(yr)[1 / (õa + A + iy) + 1/G/6a + A - iy)]} dy / yy? - (82)? 


And, after letting 6 ---» 0, the horizontal arms, added together and doubled, compute to [labelling 
as (T)] ... 


oo 


ani f exp(-r(x + A)) / (e+ AWZ dx 
(0) 
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Now we’ll look at some examples we’ve prepared, for (*) and (t), respectively. In the first one, 
below (ô =0, A= 1,r=1, 4ki =2/7), 


i ill- l4 — Jeoso) + i| = ee Jsino») 

` | l-i y | l+i y | l-i y | l+i y 

| = NN dy 0.68549 
Jo ny ` 


300 2¢e)* 
| —— ~~~ dx = 0.314598... 


vo avx (1+x) 


And the sum of these two numbers [1.000088] is ~ 1, which agrees with guv = 1/ (Vr + A), when r 
= 0, since again, A= 1. 


In the second one, below (6 = 0, A=2,r= 1, 4ki = 2/7), 


i[-— +— Jesos (= +— sino») 
500 f 2-i y y 2+i y y 2-i y y 2+i y 


l A A E 
0 my 


“500 2e 2-x 
l dx = 0.0643471... 


0 mv x (2+X) 


x 


And the sum of these two numbers [.7071611] is ~ V2 /2 [~ .7071067], which agrees with our 
template gu,y = 1/(vr + A), when r = 0, since again, A = 2. 


Thus we may conclude that this template is also valid for Cuv ~ ©- gu.(0), where o = 1. Said 
another way, gu,v does not ‘blow up’ at the origin [r = 0] in R?. 


The actual sum of the upper and lower horizontal arms is half the value quoted in (f), on the 
preceding page. However, just like residues, we double this value, before adding it to the harmonic 
expression (*), also on the previous page. For more on the methodology here, see pages 262-4. 


Some corrections to both the diagram and the text were made in this release, for this last research 
note [pp 556-7]. 
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Is guy = 1/(r + A) A Suitable Template For Cuv ~ ogu(0), Where A > 0, Part II 


In Part I [pp 554-5] we developed a a harmonic expression for the general equivalency theorem, 
which is reproduced here [labelling as (*)], where a = cos(9) and e = sin(0) ... 


2x J {cos(yr[1 / (Sa +A + iy) — 1/(6a+A-—iy)] + 
dg isin(yr) [1 /(6a+A+iy) + 1/ (ða + A —iy)]} dy / Yy? - (62)? + R, 


And here, R = 2e ©" + 4 / V62 + 280A + AZ, is a doubling of the residue associated with the simple 
pole that is at —( õa + A) in f(s). And again, a, 6, A are all > 0, and recall too that +e =l. 


f(s) = 1/{(s + a + A) Js? + (Se)?} . 


We also validated (*) when 6 ---> 0 [pp 554-5], and now wish to do the same thing when e ---> 0. 
In this case, since a? + e? = 1, R reduces to 2e © + ^Y / ( + A), and (*) will evaluate to 1 / (5 + A), 
from our previous research notes. And this is equal to guv (ò), which agrees with our general 
equivalency theorem, stated on page 554, since again, a is now 1. 


As an example, with (a =6=A=1,r=2,¢=0,«=1/2mi,r=1,R= 2e” / 2), the integral in (*) 
computes to ... 
yoo i+ h )eos2 yy +i (z + +) sina) 
JO my 


And R evaluates to ~ .0183156, and when added to the number above, the result is ~ 0.5. And this 
is precisely Zu v(r), which is equal to gu,v(5), since again, ò = r = 1, and guv(r) = 1/(r + A). 


A line on page 554 was rewritten to state correctly, that the following is true ... 


‘Note that whether or not A is equal to zero, r maps to da + iy in C; since again, in R?, it is the case 
that gu(r) = 1 / (r+ A)’. This is the correct interpretation of the mapping, in my opinion, which 
we use in this research note, as well ... 
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A Harmonic Expression For gu, = 1 / (rsin(0) + A) Where A > 0 


Let us bring back the more general equivalency from page 511, where there are singularities at the 
origin O and at (+6, 0), in the intangible space. Here, a = cos(@) and e = sin(8), and 6 > 0; and we 
will suppose the template gu,v is now a function of (r, 8). To wit, 8u v(r, 8) = 1 / (rsin(®) + A), 
where 0 < 0 < 2/2, anda, 6, A are all > 0. 


Then the general harmonic expression (1), where R is a doubling of the residue associated with f(s) 
in the complex plane @, is as follows ... 


f(s) = 1/ {(s + 6a): sin(O) + A) ys? + (6e)?} ; 


2x J {cos(yr)[gur(Sa + iy, 0) — guv(Sa—iy, 0)] + 
õe isin(yr) [gu,v(5a + iy, 0) + guv(õa— iy, 0)]} dy / Jy? - (5€)? + R, (1) 
and (2) is ... 


Cuv ~ ol[gu,v(O) + 2cosh(dra)Jo(Sre) gu,(da)] . 
And let us recall our equivalency, for this case, where € = gy,(Sa) - Jo(Sre) ... 
(1) = gu,(6a) - Jo(ore) if and only if (2) is true (~) 


The first thing to note here, is that gy,y(6a + iy, 0) = 1 / (rsin(®) + A), where r = òa + iy in C, and the 
second thing we want to point out is the construction of f(s). 


It has a pole at sp = —(A + dasin(8)) / sin(0), and if we now study the first term in the denominator 
of f(s), which is (s + õa): sin(@) + A; we see that as we traverse the vertical branches in the contour 
above, when taking the Laplace inverse of f(s); the variable s is equal to +iy, which gives us 
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agreement with what we see in the integrand of (1). Combined with second term in the 
denominator of f(s), gives us the full integrand in (1), which is what we want. 


Lastly, since the pole —p is equal to —(A + da sin(0)) / sin(®) in f(s), the corresponding residue 
computes to exp(—pr) / ./p? + (Se)2, noting again that a? + £? = 1; since we are taking the Laplace 
inverse of f(s) along AB, where x = 1/2z1; that is to say, 


rfe Ks)ds . 


A doubling of this residue, which we call R, is now added to the integral in (1), which gives us the 
complete harmonic expression above, on the previous page. 


If, on the other hand, f(s) had branching points instead of poles, we would calculate in a similar 
fashion; this time doubling an integration along both arms associated with the branch points, and 
adding this value R to the integral in (1) [see, for example, pages 556-7]. 


Finally, in (2) on the previous page, we have the term gu,(òa), and in R?, because da is a radial 
measure, this computes to 1 / (rsin(0) + A), where r = 6a. 


We can now go ahead and test the template, for the quantumlike component in (2), just as we did 
on page 553, and accept or reject it, accordingly. In this particular case, we’ll let 0 = 2/4, so that a 
and £ are ¥2/2 (approximately 0.707106). And we’ll set 8 = A =r = 1, so that the integral in (1) 
becomes ... 


1 1 lazel 1 1 
cos( y) { ———— - ———_] + isin(y) | ———— + ————_ 
~400 ON cas 1.5 TF, y | 1.5+0.707iy 1.5 TF, 


1 
“yz (ix) y y? -0.5 


0.474422 


dy = 


The value of R in (1) computes to ~ .107218, and when added to the number above, one obtains ~ 
.581640. On the other hand, gu,1(6a)-Jo(dre) computes to ~ .585902. The numbers are astonishingly 
close, and you have to wonder, for this random choice of 8, whether 1 / (rsin(0) + A) might be a 
suitable template for the guantumlike component in (2) [perhaps part of a series expansion, say]. 


i> l 
2e? 2J 77) 
V5 3 
Decimal approximation Decimal approximation 
0.1072178943663382 0.585901612180728 


value of R value of gu,v(6a) - Jo(ore) 
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If we were to repeat the testing, say with 8 = 2/6, then the integral in (1) becomes, along with R 
and € = gy,.(da) - Jo(dre) [6 = A =r = 1, a = cos(9) and e = sin(8)] ... 


1 1 oi 1 1 
„enn COS )(—+ S- a) +isin (za + a) 
f° Y 1.433+0.5i y  1.433-0.5iy y 1433+05iy  1433-05i y) 4 


me (ix) y y? - 0.25 


` 


0.596044 
-an Jo(0.5) 
2 exp(- 2.866) 1.433 °°. 
y 2.866? + 0.25 
Result Result 
0.0391341... 0.654899... 
value of R value of gu, (ða) - Jo(dre) 


Adding the numbers .596044 and .0391341 together yields .635178, which compares favorably 
with € = .654899. And here is the testing for 0 = 7/3 ... 


l 1 res l l 
ean COS (a -. —_1___} + ising (—_+__—. —————— | 
lie: Y 1.433+0.866i y 1.433-0.866i y y) 1.433+0.866i y 1.433-0.866i y 


v3 
2 (ix) y y? - 0.75 


dy = 0.397824 


1 | V3 | 
Jo =—— 
exp(— 1.65469) 1.433 < 
y 1.65469? + 0.75 
Result Result 
0.204701... 0.572999... 
value of R value of gu, (ða) - Jo(ðre) 


Adding the numbers .397824 and .204701 together yields .602525, which compares favorably with 
€E = .572999. Although the comparisons don’t agree, in both cases, there is enough evidence now to 
support the following potential hypothesis, based on these two tests ... .. 


For some smooth function /(@), which can be approximated by sin(@), where 
0 < O < 2/2, it is the case that 1 / (r - h(@) + A) is a suitable candidate for the 
quantumlike component in (2) [p 559]. 
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In the case where 0 = 2/2, a pole exists at —A in f(s), since a = 0 and e = 1, now. And with ò = A = 
r= 1, the harmonic expression is shown below, along with the term R = V2/e [labelling as (*)] ... 


f(s) = 1/ {((s + ŝa): sin(®) + A) ./s2 + (62)2} 


2x J {cos(ynf1/(A +iy) —1/(A—iy)] + isin(yr) [1/(A +iy) + 1/(A—iy)]} dy [ y2- £2 +R 
€ 


And since gu,v(r, 8) = 1 / (rsin(@) + A), and € = gu, (òa) - Jo(ore), we see that € = Jo(1). Here are the 
snapshots from Wolfram ... 


, 1 1 
. i{(-—— + 
[~ | l-i y l+i y 
J1 


) cos(y) + (oy + FF, sin(y)) 


dy = 0.308547 
ny-l+ y? 


Jo(1) 
v2 . 
e 
Decimal approximation Decimal approximation 
0.520260095022888 0.765197686557966 
value of R value of gu,v(6a) - Jo(ore) 


Adding the numbers .308547 and .520260 together yields .828077, which compares somewhat 
favorably with € = .765197, though it is clear, there is no agreement here. Yet I would still 
maintain, that the potential hypothesis from the previous page, is still valid, but becomes somewhat 
weaker, as 9 ---» 1/2. 


In the case where 0 = 0, no pole exists in the first term of the denominator for f(s), since a = 1 and 
e = 0 now, and A > 0. Thus R = 0, and gu,(r, 0) = 1 / A, both in R? and @, so that the harmonic 
expression reduces to 


(oe) 


ani / A f sin(yr) dy / y =1/A 
E€ 


And € = gu, (ða) : Jo(ore) = Zu v(a), which must equal 1 / A in R?, for any choice of the argument 
to gu,v, because gu,v(r, 89) = 1 / A. Thus, the agreement is exact here, as expected; since again, we 
have assumed 6=A=r=1... 
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Is 1 / (vrt + A*) A Suitable Template For Cuv ~ ogu,.(0), Where A > 0 


In this case we use the function f below, associated with the following contour y, and take the 
Laplace inverse of f along AB, where a, ò, A are all > O (initially). And here a = cos(8), € = sin(8), 
and we’ll assume throughout that A = 1, so that the branch points [—p] for the first term in the 
denominator of f are at —y, as shown in the picture below, if 6 = 0. 


fis) = 1/ {f+ 60)? + AF - fs? + 687} 


iSsin(8) er 


£ = sin(9} 


For the upper pair of horizontal branch lines (6 = 0, A = 1, -p = -~J2/2+iv2/ 2), the sum of the 
integrals here computes to 
co 
xf exp(-r(x +p))/ {(x+p) y(x +p) + A* }dx upper branch lines U 
o 


and for the lower pair of branch lines (6 = 0, A = 1, -p =- V2/2—iV2/2), the integrals sum to 


Co 
xf exp(-r(x + p))/ {(x+p) y(x +p) + At }dx lower branch lines £ 
o 


The integral associated with the harmonic expression # [vertical branch lines in the contour], 
reduces to (6 = 0, A = 1, r = 1; range 0 to 500 for computational purposes) 


“500 2sin(y) 
| ——— dy = 0.767585 


° nyyvi+y4 
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And to compute R, which we add to #, we simply add the values from U and £ above; and double 
the result. Here are the snapshots, where only a small range in the integration is needed ... 


“12 exp(—(x + 0.707 — 0.707 i)) 
ix 
(ix) (v (x + 0.707 — 0.707 i)* + 1 (x + 0.707 - 0.7071) 

0.0593568 + 0.0687528 i 

value of U 
“12 exp(—(x + 0.707 + 0.707 i)) r 
dax = 


(im) (v (x + 0.707 + 0.707 i)* + 1 (x + 0.707 + 0.707 i) 


0.0593568 — 0.0687528 i 


value of £ 


In both cases (6 = 0, A= 1, r= 1), we see a real and imaginary component here, and when added 
together and doubled, the result for R is ~ .237427. If we now add this number to A, which 
computes to .767585, the sum is ~ 1.00500. 


The result is very close to the theoretical value of gu,(r) = 1 / (Vrt + 44 ), which is 1, when r = 0; 
and so we may conclude that 1 / (Vr* + A* ) is a suitable template for Cuv ~ ogu,(0), when A is 
greater than zero. 


We’ll do one more example (6 = 0, A = 1, r = 1⁄2), and here are the snapshots for #, U and £, 
respectively ... 


500 2 sin( 4, 
————— dy = 0.476315 
~ nyyl+ yî 
“12 exp(—0.5 (x + 0.707 - 0.707 i)) i ii exp(-0.5 (x + 0.707 + 0.707 i)) ix 
—Ř——ŘŘrr X = -———— L ~ aX = 
0 (iz) (y (x + 0.707 - 0.707 i)f + 1 (x + 0.707 - 0.7071) 0 (in) [V (x + 0.707 + 0.707 i)* + 1 (x + 0.707 + 0.707) 
0.131872 + 0.0640548 i 0.131872 - 0.0640548 i 


Adding U and £ together, and then doubling this sum, gives us R ~ .527488. Now adding R to # 
gives us a value of .527488 + .476315 ~ 1.00380. Again, very nearly 1, which is gu,\(0). 
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We can sharpen our estimates by replacing .707 in the integrals above with V2/2. In so doing, U 
and £ become, respectively (6 =0, A= 1, r= 1), 


dx = 0.0581038 + 0.0702193 i 


(1+i)/ V2 -x 


“12 ie 
dx = 0.0581038 - 0.0702193 i 


J0 4 


a( = +x) 1+( 3# +x) 
V2 \V2 


Adding the numbers above, and doubling the result gives us R ~ .232415; and adding this to the 
value of #, which is ~ .767585, gives us exactly 1. 


For the case (6 = 0, A= 1, r = 1⁄2), U and £ compute to, respectively, 


i e/2(-A-a/V2 -x) 


*12 
| „— 5 fy = 0130921 + 0.0666319 i 
J0 
‘l-i l-i 4 
n| + x) 1+ i + x) 


12 jell (14i)/¥2 =x) 


= x(= +x) j1+(2= +x)" 


Adding the numbers above, and doubling the result gives us R ~ .523684; and adding this to the 
value of #, which is ~ .476315, gives us ~ .999999. Again, a match with gu,v(0), which equals 1. 


dx = 0.130921 — 0.0666319 i 


It is amazing to me, anyway, just how accurate these results are, given the complex expressions we 
are actually dealing with, and as such, confirms the methodology we are using, to obtain them ... 
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A Harmonic Expression For gu,v = 1 / (rsin(0) + A) Where A > 0, Part II 


Let us bring back the more general equivalency from page 511, where there are singularities at the 
origin O and at (+6, 0), in the intangible space. Here, a = cos(@) and e = sin(8), and 6 > 0; and we 
will suppose the template gu,v is now a function of (r, 0). To wit, gu.(r, 0) = 1 / (rsin(®) + A), 
where 0 < 0 < 2/2, anda, ò, A are all > 0. 


Then the general harmonic expression (1), where R is a doubling of the residue associated with f(s) 
in the complex plane @, is as follows ... 


f(s) = 1/ {(s + 6a): sin(O) + A) ys? + (6e)?} ; 


xf {cos(yr)[gu,v(6a + iy, 9) — gu v(a — iy, 0)] + 
õe isin(yr) [gu v(a + iy, 0) + guv(õa — iy, 0)]} dy / Jy? - (8€)? + R, (1) 


and (2) is, for the quantumlike component, 
Cuv ~ 20 cosh(òðra)Jo(ðre)gu, (ða).  (*) 
And let us recall our equivalency, for this case, where € = gu,v(òa) - Jo(ðre) ... 
(1) = gu,v(6a) - Jo(Sre) if and only if (2) is true (~) 


Now from Part I [pp 559-62], we showed that the following potential hypothesis is likely true, but 
becomes somewhat weaker as as 0 ---» 1/2. In other words, as O ---> 1/2, h(@) still exists, but can 
no longer be approximated by sin(@). And this was based on testing when 6 =A=r=1. 


For some smooth function (@), which can be approximated by sin(@), where 
0 < O < 2/2, it is the case that 1 / (r - h(@) + A) is a suitable candidate for the 
quantumlike component in (2) above. 


Now if we let T = 1 / (r - h(@) + A), then we may conclude that T is the limiting case of a broader 
template T’, which satisfies (~) for all 5, A, r > 0, and becomes T as ò, A, r ---» 1. So while we may 
never know what T' actually is, we can infer its existence by realizing that T is really just a special 
case of U’. And so, the general form for the guantumlike component (*), can be justified, 
accordingly. 
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Generalizing The Harmonic Expression gu,» = 1 / (r -h(8) + A) Where A > 0 


Following up on the last research note, we now wish to generalize the template for gu,y, so that it 
incorporates the variables r, 0, A in the harmonic expression (1), as shown below. And here, we 
suppose that G = 1 / (r - h(@) + A) satisfies (1) = gu,(da) - Jo(dre) for 6 = A =r = 1, as per the last 
research note, with 0 < 0 < 2/2, so that the quantumlike form 


Cuv © 20 - cosh(6ra)Jo(dre)gu(da)  (*) 


holds, in this very specific case [6 = A =r = 1]. Note that in 2, the italicized variable r in T maps 
back to r; and that r maps over to õa + iy in (1), and that gu,(ðq) is calculated by setting r = ða in 
T. As well, in the generating function f(s), r maps to s + da in the complex plane €. And here, we 
have a = cos(9) and e = sin(8), and we’ll suppose ò, A are > 0, for the time being. 


xf {cos(yr)[gu,v(6a. + iy, 0) — gu, (õa — iy, 0)] + 
õe isin(yr) [gu v(a + iy, 0) + guv(Sa—iy, 0)]} dy / Jy? - (5&2 +R (1) 


With these things in mind, we can now generalize T by writing T' = 1 / h(r, 0, A), so that f(s) now 
becomes, where r = s + ða ... 


f(s) = 1/{h(r, 0, A): Js? + (8)2}. (f) 


And from (f), R can be calculated, by doubling the residue or residues associated with the first 
term in the denominator of f(s), when taking its Laplace inverse; or by calculating along branch 
lines, if we are dealing with branch points. That is to say, for the Laplace inverse 


«fe fis)ds , 


for some appropriate contour y, we examine the equation h(s + da, 8, A) for poles or branch points, 
and compute accordingly, just as we have done all along, in this tutorial [p 547 ff]. 


In the harmonic expression (1), we note that gu,y(6a + iy, 0, A) becomes TU’ = 1 / h(r, 0, A), where 
here we have r = 6a + iy in C, and when moving back to £2, 


guv(r, 9, A) = V = 1/ha, 9, A); 


so that r maps to rin UG’. And this is the form for gu,y(r, 8, A) when calculating Cy,y in (*), so that 
again, 2u,v(6a) is calculated by setting r = da in gu,v(r, 0, A). Clearly, any solution to (*) will be a 
function of (r, 8, 5, A), but in T’, I see no need to carry 6 in the argument list; yet this could change. 


No doubt, the correct template T’, for all 5, A, r > 0, is some kind of infinite series, that reduces to 
Tas 6, A, r ---> 1 [p 566]; but whether we will ever find T'is an open question, to say the least. But 
a simple generalization of G might look like 1 / (rê - h(@) + ô - A), where here, we do include ô. 
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And, an example of an infinite series that reduces to T as ò, A, r ---» 1, where 6 is included, might 
be 


TG = limn ->œ fn, r, ò, A) ZL {r"® WO) + 6-A), 


where r becomes r in R?. And here, we shall define f(n, r, 6, A) = 1 /n, if and only if ò= A =r= l; 
otherwise, we shall define f(n, r, 5, A) = (6-A — 1), for all ò, A, r > 0. And to ensure convergence 
of the infinite series above, we’ll suppose in this latter case that ò > 0, and that A > 1 / ò [recall that 
the location of the dark energy singularities is at (+6, 0)]. 


Furthermore, we will assume A(0) is some smooth, bounded, and non-negative function in the range 
0<0< 72/2. Thus, with 8, A, r = 1, TU becomes 1 / (h(8) + 1), which agrees with J, in this case; 
otherwise T“ converges to something meaningful, for all 5, A, r > 0, where it is no longer the case 
that 6, A, r= 1. 


Note that in T“, where it is not the case that 6, A, r = 1 [meaning all three variables can’t equal 1, 
simultaneously]; if we then set r = 1, then as 6, A ---> 1, f(n, r, 5, A) = (6:A— 1) ---» 0. And this is 
the same as setting f(n, r, 6, A) = 1/n, with 6, A, r = 1, and letting n ---> œ in T“. Thus, there is a 
smooth transition here between the two cases, and indeed, we can actually define the transition in 
exactly this way. 


We can even go further, by considering templates of type T' = 1 / (r^ - h(v, 8) + 8 - A), so long as in 
R?, where r = r, it is the case that r and O remain independent of one another. For example, we 
might let the function h(r, 8) = h(r- 0), so that as 6, A, r ---» 1 in R?, h(r, 0) = h(0) and we return to 
the template G, where T is defined as 1 / (r - h(@) + A). However, such an extension complicates 
further the integrand in (1), in so much as r maps over to ða + iy for TU’, and in the generating 
function f(s), r maps over to s + da for T’, so that 


f(s) = T' - Ls? + (6)? 


Yet, ultimately, we may need to go down this path, for when dealing with the quantumlike 
component, as shown below, we note that the argument to the cosh and Jo functions has these 
‘cross terms’, where a = cos(@) and £ = sin(@). 


Cuv = 20- cosh(dra)Jo(ore) gu, (a) 


As an example, if we had a template like T” = 1 / sin(r®), and wanted to see if the integral in (1) 
below converged [gu,v = G"], we would let r = 5a + iy in T”, and calculate, accordingly. The result 
follows on the next page, where r = 2,5 = 1, 0 = m / 4, and a = cos(8), e = sin(@). 


(oe) 


2x J {cos(yr)[gur(Sa + iy, 8) — guv(Sa—iy, 0)] + 
õe isin(yr) [gu,v(5a + iy, 0) + guv(Sa—iy, 0)]} dy / Jy? - (5&2 +R (1) 
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~100 1 
Fa cos(2 y) 
“v2 (in) yy?’ -0.5 
1 1 se 
EF P, ~ on come +isin(2 y) 
sin( 3 (0.707 + i y) x} sin| * (0.707 - i y) x} 
1 1 
—— + ——— ||dy = 0.158878 
sin( $ (0.707 +i y)x) _ sin( + (0.707 — i y) 7) 


The good news here is that we do have convergence, and so can now begin to consider templates 
like T”, and indeed, infinite series based on T”, like say 


T = limn -> fin,r,8, A) 1 {r- h(r-8) + 8-A); 


where in this case, we might let h(r-0) = sin(r0), when testing [the summation just above, however, 
must still converge in R?]. And note again that T” reduces to T, as 6, A, r ---> 1 in R2, since r =r 
here. 


Clearly the construction of TG" is purely hypothetical, but it does tell us that such constructions are 
possible, and could lead to a template that actually is a suitable candidate for the gquantumlike com- 


ponent, as shown below ... 


Cuv = 20+ cosh(dra)Jo(ore) gu, (ða) 
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Is 1 / (vrt + A*) A Suitable Template For Cuv ~ Ogu,(0), Where A > 0, Part I 


In this note, we want to revisit the calculations for the contour below, to see how phasing comes 
about, and ultimately, to see how the integrals along the upper and lower branch lines were 
developed. 


To start, we take the Laplace inverse of f(s), as shown below, 


fs) = 1/ ( (CFB EO -SF OP) 


where the Laplace inverse, itself, is 


rfe fis)ds. 


When we arrive at the upper branch lines U, that are marked with the phases n and ~r, the first 
integration runs from s = —œ + iV2/2 to —p, where -p = -V¥2/2+iV2/2. Setting s' = s + p, the 
integration now runs from —oœ to 0, and letting s' = —x, we arrive at the expression below, at least 
up to sign, after doubling off of either branch line in U, where A = 1, and 6 ---> 0. 


Co 
xf expl-r(x+p))/ {(x+p)V(x+ p)* + 4t }dx upper branch lines U 
o 


I say up to sign, because the choice of which branch line to double off of, is really up to us, if we 
ignore phases. We can now do the same for the lower branch lines £, where —p = - V2/2—iv2/2. 
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Note that in taking this approach, we wind up sweeping around the origin O, in clockwise fashion, 
in the right-half of the complex plane C, and then heading back out to œ, where the top branch line 
now has a phase of —z, and the bottom branch line a phase of a. We’ll call these branch lines WU 
when dealing with U, and L' when dealing with £, which you can see in the diagram on page 572. 


But nowhere in this exercise in Part I, do we actually see the phases come into play, for the 
integration above, yet this can be seen by factoring the square root term as follows, for W... 


Let us write the square root term as 
VEF + AF = VCP + Dt - 4, 9 
where p = exp(-im/4), p' = exp(ia/4), A = 1, and (-1) inside the square root is actually p. 
Then it becomes clear, for the top branch line in WU’, where the phase is now —r, that JCD =H; 


and similarly for the bottom branch line in U’, where the phase is now a, that ./(—1) =i. Hence, 
we double the integration along the top branch line, to arrive at the following expression for W... 


xf exp(-r(x + p))/ {(x+ p) J(-D){(xp' + 1)* - A*} }dx upper branch lines W 
o 


And a similar thing can be done for the lower branch lines £, associated with —p = - V2/2 —iv2/2, 
where p = exp(in/4), p' = exp(-in/4), A = 1, and (-1) inside the square root is actually p°. 


xf exp(-r(x + p))/ {x +p) J(-D){(xp' + 1)* - A*} }dx lower branch lines £' 
o 


Here are the snapshots for U' and £’, respectively, where we use the identity (*) in the integrations 
above, and it is the case that (6=0, A=1,r=1)... 


*12 exp(—(x + 0.707 — 0.707 i)) 


ees 
i n(x + 0.707 — 0.707 i) ¥ (x (0.707 + 0.707 i) + 1) -1 | 


0.0581305 + 0.0702366 i 


12 exp(-(x + 0.707 + 0.707 i)) 


nlx + 0.707 + 0.707 i) y (x (0.707 - 0.707 i) + 1)* - 1 


0.0581305 — 0.0702366 i 


dx 


Notice that in both cases, we are doubling the integration from the top branch line where the phase 
is 7, so that ./(—1) =-—i, and thus with x = 1/277, the constant becomes 2k-1/./(—1) =1/n. 
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Now let’s compare these results with what we found in Part I [p 565], where we did not make the 
substitution in (*) above, and so did not deal with phases directly (6 = 0, A=1,r= 1)... 


“12 ie (1 i)/ V2 X 
- ——— dx = 0.0581038 + 0.0702193 i 
JO 
liy l-i 4 
n= +x) i = +x] 
“12 » —(1+i) V2 x 


dx = 0.0581038 — 0.0702193 i 


te 
TENNE 


JO 


r| 


The two are nearly identical, and would be closer still, if not exact, were we to replace .707 in the 
integrations on the last page, with V2/2. 


The picture above shows the branch lines for WU or L’, where the black dot represents the origin O 
in @. Notice how the phases have reversed themselves from the diagram on page 570. The 
integrations on page 571 now sweep around the origin, in clockwise fashion, in the right-half of the 
complex plane @, and head out to  ... 


And we’d like to say again, that the first integral in Part I [p 563], associated with U, is actually a 
doubling of the integration on the top line in the diagram above; while the second integral in Part I 
[p 563], associated with £, is actually a doubling of the integration along the bottom line in the 
diagram above [which causes a sign change]. However, nowhere here do we actually use phasing; 
rather, a more intuitive approach, and that is because when I wrote Part I, I wasn’t sure how to 
rewrite the term y(x + p)* + A* that we now see in (*), on the previous page, to take advantage of 
phases. Yet both approaches [Parts I and II], oddly enough, seem to be acceptable ... 
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Generalizing The Harmonic Expression gu,v = 1 / (r -h(@) + A) Where A > 0, Part II 
Following up on Part I [pp 567-9], we suppose that U = 1 / (r - h(@) + A) satisfies our general 
equivalency theorem [G]; namely, (1) = gu,v(6a) - Jo(ore) for 6 = A =r = 1, with O < 0 < 2/2, so 
that the guantumlike form 


Cuv © 20 -cosh(6ra)Jo(dre)gu(da)  (*) 


holds, in this very specific case for G [6 = A =r = 1]. 


xf {cos(yr)[gu,v(6a + iy, 9) — gu v(a — iy, 0)] + 
dE isin(yr) [gu,(5a + iy, 8) + gu,v(Sa—iy, 0)]} dy/ Jy? - (5&2 +R (1) 


Now suppose T'is some gravitational template that satisfies G for all 5, A, r; so that (*) holds more 
generally, in this case. Then in particular, TU’ satisfies G if ò, A, r all equal 1, and so TG’ must reduce 
to T in this case, if the solution to (*) is unique. 


On the other hand, suppose without loss of generality, that 6, A = 1. Then a simple continuity 
argument suggests some VG’ exists that satisfies G for r greater than 1, but arbitrarily close to 1, and 
hence is a suitable candidate for (*), for all 0 < 0 < 2/2, say. JT’ will look similar to T, and 
becomes T as r ---> 1. 


Now let r' > 1 be the largest value of the radius, for which a T’ can be found that satisfies G in the 
range 1 < r < r', for all 0 < 0 < 2/2, say. Then again, a simple continuity argument suggests some 
T exists for r > r', that satisfies G, where r is close to r', and becomes V' as r ---> r', from above. 


Thus, we can cover off the whole of R? in this way, by travelling out to œ, or heading toward the 
origin O. And so, we can ‘stitch’ together a set of templates, smoothly, that satisfy G for all r = 0. 
Said another way, there is no reason to believe there is an upper bound Jess than œ, or a lower 
bound greater than zero, at which the ‘stitching’ terminates. 


And this further justifies the form (*) for the guantumlike component over all of R?, when there are 
dark energy singularities at (+6, 0), despite the fact that we may never know what Vi really is; only 
that it exists. 


To solve (*), we’ll begin by assuming 6, A = 1, and we’ll solve it for G = 1 / (r - h(@) + A), which 
will tell us what h(0) actually is, when 6, A, r = 1; since here we know G is satisfied by T, in this 
case. Now from our continuity argument, there must exist a T' = 1 / (h(r, 8) + A), which is the 
smooth extension of T, that satisfies G over all of R?, and thus is a suitable candidate for (*). 


Furthermore, it must be the case that TU’ becomes T as ô, A, r ---» 1, which implies, in particular, 
that h(r, 0) ---» r - h(0), as we reach this limit. So solve (*), using T’, to find h(r, 0) and validate the 
special case when ò, A, r ---» 1. This may be a useful methodology for obtaining a solution to (*). 
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Whether a single template such as T or T' will suffice when solving (*) is debatable; for even if we 
assume the inner block [B] is the default r?°, we’re still left with solving two equations; namely, the 
radial and timelike components corresponding to u,v = | and u,v = 3, respectively. 


Cuv © 20 - cosh(6ra)Jo(dre)gu,(da)  (*) 


And since the general equivalency theorem [G] doesn’t tell us [and indeed, can’t tell us] whether 
the template is radial or timelike, it is up to us to decide. 


If a single template can handle both cases, then we can proceed to solve (*) ... according to the 
remarks above. And if we need two templates that satisfy G, then I would suggest we write T as 


Uu, v = 1 / (r : hu (0) + Auv) 3 


to indicate this difference. And similarly for TU’, where for the radial and timelike components, we 
would write 


Tuy = 1 / (hur, 0) + Auv) é 


In both cases, however, we would insist that U'u,y becomes Tu,v as Ò, Au,y, r ---» 1, which implies, in 
particular, that Au, v(r, 9) ---» r - hu,(8), as we reach this limit. Again, it is understood that both Tu,» 
and T'u, satisfy G. 


Similar remarks apply when dealing with a dark energy singularity at the origin O, where here, we 
have 


Cuv ~ 0: gu, v(0) . (7) 


A number of templates were studied for this equation [p 547 ff.], which is much easier to deal with 
than (*), so it should be easier to verify that they satisfy G; in the event we need two templates for 
the radial and timelike directions, respectively, when solving (f). 
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Generalizing The Equivalency Theorem To Three Dimensions 


In two dimensions, the generalized equivalency theorem [G] states that (1) = gu,v(6a) - Jo(öre) if and 
only if (*) holds, where a = cos(0) and e = sin(0), and the singularities are at (+6, 0) ... 


Cuyv ~ 20 : cosh(ôra)Jo(ðre)gu, (ða) (*) 


xf {cos(yr)[gu,v(6a + iy, 8) — gu v(a — iy, 0)] + 
õe isin(yr) [gu v(ða + iy, ©) + gu,v(Sa—iy, 0)]} dy / Jy? - (5&2 +R (1) 


In three dimensions, (*) becomes, in physical coordinates [see diagram below] 


Cuv = 20 - cosh(Srcos(y))Jo(Srsin(y))gu,(Scos(y)), H) 


where here, cos(y) = sin(8)cos(), and the physical singularities are located at (+ò, 0, 0). 


Thus, when going over to three dimensions, a in (1) above maps to cos(y), and € maps to sin(y). 
And if T' = 1 / h(r, 8, >, A) is our template in R?, then we would replace the gravitational 
expressions gu,»(da + iy, ©) in (1) with TU’, where r maps to 6a + iy in T’; and again, a is now cos(y) 
in (1). And in gu,(dcos(y)) in (+), r becomes dcos(y) in T’, since TU’ is the gravitational template 
guv in R. 


As to the generating function f(s), it becomes, where r = s + õa in T’, and a = cos(y) and e = sin(y); 


f(s) = UW: 1/Ss7F (Ge). 
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Table Of Contents, To Date 
Pages 1-52 


Largely an interpretation of the Crucifixion, using Noetherian principles; essentially an introduction 
to this topic. 


Pages 53-128 


A continuation of the above, but more philosophically mathematical. Some good examples from 
the NDE research are included here. 


Pages 129-167 


A more mathematical treatment of the current mosaic; the so-called a-f spaces, and our first 
glimpse of the field equations of general relativity, within this context. 


Pages 168-196 


An introduction to the dark energy contour integral [DECI], the dark energy density function and 
related topics, such as the Laplace transform, and its inverse; essentially a continuation of the last 
section. 


Pages 197-257 


Using DECI in a number of settings, within the context of general relativity; also some commentary 
on solving the generalized Twin Prime Conjecture [p 247 ff.], and various miscellaneous inserts. 


Pages 258-304 


Largely devoted to a harmonic study of the Riemann zeta function, and ultimately, a methodology 
that shows the Riemann Hypothesis can’t be decided for roots and pseudo-roots in the critical strip, 
away from the critical line, using the standard set of axioms. 


Pages 305-348 


Some additional commentary on the Riemann Hypothesis; perceiving its roots in the critical strip as 
static versus more quantumlike; but mostly devoted to a study of harmonic representations for the 
gravitational tensor gu,v, and hidden variables. 


Pages 349-383 
A study of the dark energy components associated with the field equations of general relativity, and 


whether they do or don’t satisfy Laplace (V2f =0). Also, some more commentary on the Riemann 
Hypothesis, and the Godel-Cohen statements [p 376 ff]. 
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Pages 383-460 


Largely devoted to a study of the a-y equations, which are connected to the time component of the 
Schwarzschild solution, for the interior of a star. A long and somewhat detailed section, but we 
eventually arrive at our final destination. Lots of pictures and tables included along the way. 


Pages 461-513 


Understanding and interpreting the coupled field equations within the context of general relativity 
and dark energy singularities. The associative principle under addition, relative to o, is one of the 
more important highlights. At times, this section reminds me of taking a long and winding road to 
some final destination, but eventually we reach that point. I would encourage the reader to be 
patient with this piece. Some good diagrams as well, to help clarify things. 


Pages 514-575 


A mixed bag covering a lot of different topics, like tangible and intangible spaces and vacuums; 
normalized versus general solutions for the coupled equations in the intangible space; the dark 
energy density function and Laplace compliancy; inner blocks and solving the equations as a sum 
over normalized component solutions; interpreting the harmonic expression within the context of 
the generalized equivalency theorem; and more recently, a tutorial on how to use the harmonic 
expression here. Lots of good diagrams and snapshots to clarify the text. 
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A Message From The Light 


You save, redeem and heal yourself. You always have ... you 
always will. You were born with the power to do so from 
before the beginning of the world... so says the Light ... 


Of all the things I have come across within the world of NDE research, the words above, brought 
back to us from one near-death experiencer, have always stood out. 


The last five updates precede the Table of Contents, and can be found on pages 566-75. 


